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PROGRAM  INFORMATION 


Description  of  Program 


CSLIDE,  called  X0075  in  the  Conversationally  Oriented  Real-Time  Program- 
Generating  System  (CORPS)  Library,  is  a  computer  program  for  the  sliding  sta¬ 
bility  analysis  of  concrete  structures  using  the  limit  equilibrium  method 
described  in  the  Engineering  Technical  Letter  (ETL)  1110-2-256.  A  description 
of  the  analysis  procedures  used  in  the  program  and  instructions  for  using  the 
program  are  provided  in  the  Waterways  Experiment  Station  (WES)  Instruction  Re¬ 
port  ITL-87-  _ ,  "Sliding  Stability  of  Concrete  Structures  (CSLIDE)",  dated 

1987. 


Coding  and  Data  Format 


CSLIDE  is  written  in  FORTRAN77  and  is  operational  on  the  following  systems: 

a.  US  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg, 
Miss.,  and  Division  office  Honeywell  DPS/8. 

b.  District  office  Harris  500. 

c.  Cybernet  Computer  Service's  CDC  CYBER  175. 

d.  IBM  compatible  PC. 

Data  are  input  to  the  program  from  a  prepared  data  file  in  free  field  format 
J  or  from  the  user's  terminal  during  execution.  If  data  are  input  from  a  termi- 

1  nal,  the  user  may  enter  data  by  using  key  command  words  or  by  following  a 

prompting  sequence.  Output  from  the  program  may  be  directed  to  a  file  or 
printed  at  the  user's  terminal.  If  graphics  are  desired,  the  terminal  must  be 
a  Tektronix  4014  or,  in  the  case  of  the  microcomputer  version,  either  a  Color 
>  Graphics  (CGA)  or  an  Enhanced  Graphics  (EGA)  display. 

t 

How  to  Use  CSLIDE 


Directions  for  accessing  the  program  on  each  of  the  three  systems  is  provided 
below.  It  is  assumed  that  the  user  can  sign  on  the  appropriate  system  before 
attempting  to  use  CSLIDE.  In  the  example  initiation  of  execution  commands  be¬ 
low,  all  user  responses  are  underlined,  and  each  should  be  followed  by  a  car¬ 
riage  return. 

Honeywell  System 

After  the  user  has  signed  on  the  system,  the  system  command  FORT  brings  the 
user  to  the  level  to  execute  the  program.  Next,  the  user  issues  the  run 
command 


I 
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RUN  WESLIB / CORP  S / X00  7  5 , R 


to  initiate  execution  of  the  program.  The  program  is  then  run  as  described  in 
this  user’s  guide.  A  data  file  is  typically  prepared  prior  to  issuing  the  run 
command.  An  example  initiation  of  execution  is  as  follows: 

HIS  TIMESHARING  ON  03/04/81  AT  13.301  CHANNEL  5647 
USER  ID  -  R0KACASECON 
PASSWORD  -  WtM/MtI'iW 
*FORT 

*RUN  WESLIB/CORPS/X0075 ,R 
CYBERNET  System 

The  log-on  procedure  is  followed  by  a  call  to  the  CORPS  procedure  file 


OLD,CORPS/UN=CECELB 

to  access  the  CORPS  library, 
command 


The  file  name  of  the  program  is  used  in  the 


BEGIN, .CORPS, X0075 

to  initiate  execution  of  the  program.  An  example  is: 


84/12/05.  16.41.00.  AC2F5DA 

EASTERN  CYBERNET  CENTER  SN904  NOS 

FAMILY:  KOE 

USER  NAME:  CEROXX 

PASSWORD  - 

XXXXXXXX 

TERMINAL:  23,  NAMIAF 


1. 4/531. 669/20AD 


RECOVER /CHARGE: 
$CHARGE 

12.49.07.  WARNING 


CHARGE, CEROEGC,  CEROXX 

(various  information  messages  may  appear  here) 


11/29  FOR  IMPORTANT  INFO  TYPE  EXPLAIN,  WARNING. 


OLD, CORPS /UN=CECELB 
7BEGIN, , CORPS,X0075 


(Various  information  messages 
may  appear  here.) 


Harris  500  System 

The  log-on  procedure 
with  the  user  typing 


is  followed  by  a  call  to  the  program  executable  file, 
the  asterisk  and  file  description 


*C0RPS ,X0075 

to  initiate  execution  of  the  program.  An  example  is: 

"ACOE-ABLESVILLE  (H500  V3.1)" 

ENTER  SIGN-ON 
12 34 ABC,  STRUCT 


*7735 

f  v 

m 


**GOOD  MORNING  STRUCTURES,  IT'S  7  DEC  84  08:33:12 
AED  HARRIS  500  OPERATING  HOURS  0700-1800  M-S 
*CORPS,X0075 


IBM  Compatible  Personal  Computer 

If  CSLIDE  is  installed  under  the  directory  CORPS  with  the  executable  file  name 
X0075,  then  type 

/CORPS/X0075 


How  to  Use  CORPS 


The  CORPS  system  contains  many  other  useful  programs  which  may  be  catalogued 
from  CORPS  by  use  of  the  LIST  command.  The  execute  command  for  CORPS  on  the 
Honeywell  system  is: 

RUN  WESLIB/CORPS/CORPS ,R 

ENTER  COMMAND  (HELP, LIST, BRIEF, MESSAGE, EXECUTE,  OR  STOP) 

*?LIST 


on  the  Cybernet  system,  the  commands  are: 


OLD , CORPS /UN=CECELB 
BEGIN,, CORPS 

ENTER  COMMAND  (HELP, LIST, BRIEF, MESSAGE, EXECUTE,  OR  STOP) 
*?LIST 


on  the  Harris  system,  the  commands  are: 

*CORPS 

ARE  YOU  USING  A  PRINTER  TERMINAL  OR  CRT? 

ENTER  P  OR  C 
P 

CORPS  SYSTEM  COMMANDS: 

BRIEF  -  LIST  EXPLANATION  OF  A  PROGRAM. 

EXECUTE  -  RUN  A  CORPS  PROGRAM. 

LIST  -  LIST  THE  AVAILABLE  CORPS  PROGRAMS. 

STOP  -  EXIT  FROM  CORPS  SYSTEM  MACRO. 

HELP  -  HELP  AND  EXPLANATION  OF  CORPS 

SYSTEM  AND  THE  RUNNING  OF  ITS  MACRO. 

NOTE:  COMMANDS  MAY  BE  ABBREVIATED  TO  THE 
FIRST  LETTER  OF  THE  COMMAND. 

ENTER  COMMAND  (BRIEF, EXECUTE, LIST, HELP, STOP) : 
LIST 


This  capability  is  not  yet  implemented  on  the  Apollo. 
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PREFACE 


This  report  documents  CSLIDE,  a  computer  program  for  assessing  the  slid¬ 
ing  stability  of  concrete  structures.  Funding  for  the  development  of  the  pro¬ 
gram  and  preparation  of  this  report  was  provided  to  the  Information  Technology 
Laboratory  (ITL),  US  Army  Engineer  Waterways  Experiment  Station  (WES), 
Vicksburg,  Miss.,  by  the  Engineering  and  Construction  Directorate  of  the  Of¬ 
fice,  Chief  of  Engineers  (OCE) ,  US  Army,  under  the  Computer-Aided  Structural 
Engineering  (CASE)  and  the  Geotechnical  Aspects  of  CASE  (G-CASE)  Projects. 

Specifications  for  the  program  were  prepared  by  the  members  of  the  CASE 
Task  Group  on  G-CASE.  Members  of  the  task  group  during  the  development  of  the 
program  were  as  follows: 

Mr.  Phil  Napolitano,  Chairman,  New  Orleans  District 

Dr.  Roger  Brown,  South  Atlantic  Division 

Mr.  Frank  Coppinger,  North  Atlantic  Division 

Mr.  Richard  Davidson,  OCE 

Mr.  Ed  Demsky,  St.  Louis  District 

Mr.  Lavane  Dempsey,  St.  Paul  District 

Mr.  Bill  Strohm,  WES 

Mr.  Charles  Trahan,  Lower  Mississippi  Valley  Division 

Mr.  Tom  Wolff,  St.  Louis  District 

Mr.  Reed  Mosher,  WES 

Ms.  Virginia  Noddin,  WES 

Mr.  Michael  Pace,  WES 

Dr.  N.  Radhakrishnan,  WES 

The  main  analysis  algorithm  was  written  by  Dr.  Jay  K.  Jeyapalan, 
Department  of~Civil  Engineering,  University  of  Wisconsin  at  Madison,  under 
Contract  No.  DACW  39-8\-Jf-1903 .  This  work  was  done  under  the  direction  of 
Mr.  Reed  Mosher,  Engineering  Applications  Group  (EAG) ,  ITL,  WES,  and 
Mr.  Dennis  Williams,  Huntsville  Division,  formerly  of  ITL.  Mr.  Williams  also 
provided  additions  and  modifications  to  the  program.  Subsequently, 

Mr.  Michael  E.  Pace  and  Ms.  Virginia  R.  Noddin,  EAG,  ITL,  WES,  made  additional 
enhancements  to  the  program  and  conducted  an  extensive  testing  and  debugging 
effort  to  complete  the  development  of  the  program.  Graphics  for  the  program 
were  written  by  Mr.  Pace. 

This  report  was  written  by  Mr.  Pace  and  Ms.  Noddin  under  the  guidance  of 
Mr.  Mosher.  The  project  was  under  the  general  supervision  of  Mr.  Paul  K. 
Senter,  Chief  ,  Scientific  and  Engineering  Application  Division,  ITL,  WES,  and 
Dr.  N.  Radhakrishnan,  Chief,  ITL,  and  CASE  Project  Manager.  The  OCE  Technical 


Monitors  were  Messrs.  Lucian  Guthrie  and  Donald  R.  Dressier.  This  report  was 
prepared  for  publication  by  Editor  Gilda  Miller  and  Editorial  Assistant 
Deborah  Shiers,  Information  Products  Division,  ITL,  WES. 

COL  Allen  F.  Grum,  USA,  was  the  previous  Director  of  WES.  COL  Dwayne  G. 
Lee,  CE,  is  the  present  Commander  and  Director.  Dr.  Robert  W.  Whalin  is 
Technical  Director. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


Multipl 


degrees 


kips  (1,000  lb  force) 
kips  (mass)  per  cubic  foot 
kips  (force)  per  square  foot 


0.01745329 

0.3048 

4.448222 

16018.463 

47.880263 


To  Obtain 


radians 

metres 

kilonewtons 

kilograms  per  cubic  metre 
kilopascals 
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SLIDING  STABILITY  OF  CONCRETE  STRUCTURES  (CSLIDE) 


PART  I :  INTRODUCTION 

Purpose  of  Program  CSLIDE 

1.  CSLIDE  was  developed  to  assess  the  sliding  stability  of  concrete 
structures  using  the  limit  equilibrium  method  described  in  the  Engineering 
Technical  Letter  ETL  1110-2-256,  "Sliding  Stability  for  Concrete  Structures."* 

2.  CSLIDE  can  compute  the  factor  of  safety  against  sliding  by  consider¬ 
ing  the  effects  of: 

a.  Multiple  soil  layers  with  irregular  surfaces. 

b.  Water  and  seepage. 

c^.  Applied  vertical  surcharge  loads  which  include  line,  strip, 
triangular,  uniform,  and  ramp  loads. 

d.  Applied  horizontal  point  loads. 

e.  Irregular  shaped  structural  geometry  with  a  horizontal  or  sloped 
base . 

.f.  A  percentage  of  the  base  of  the  structure  in  compression  due  to 
overturning . 

g.  Single  or  multiple  failure  planes. 

h.  Horizontal  and  vertical  induced  loads  due  to  earthquake 
accelerations . 

i. .  Factors  which  require  the  user  to  predetermine  the  failure 

surface . 


Organization  of  Report 


3.  The  remainder  of  the  report  is  organized  as  follows: 

a.  Part  II  gives  an  overview  of  the  sliding  stability  analysis  and 
defines  pertinent  terms  used  in  the  remainder  of  the  report. 

b.  Part  III  discusses  the  theory  involved  in  the  limit  equilibrium 
method  presented  in  ETL  1110-2-256.*  The  assumptions  used  in 
this  method  are  presented,  and  the  general  wedge  equation  is 
developed . 


*  Headquarters,  Department  of  the  Army.  1981  (Jun) .  "Sliding  Stability  for 
Concrete  Structures,"  ETL  1110-2-256,  Washington,  DC. 


•ol  <u| 


c.  Part  IV  discusses  the  analysis  procedure  and  how  it  is  imple¬ 
mented  in  the  program. 

.  Part  V  provides  an  overview  of  the  program  capabilities. 

.  PART  VI  discusses  the  program  input.  The  conditions  which 
warrant  the  use  of  the  options  and  the  data  that  are  required 
for  the  options  are  discussed. 

f.  Part  VII  describes  the  output  from  the  program. 

£.  Part  VIII  contains  the  user's  guide  for  the  program. 

h.  Appendix  A  solves  several  example  problems  to  demonstrate  the 
capabilities  of  the  program. 

i. .  Appendix  B  provides  complete  hand  solutions  for  two  sliding 

problems  to  verify  the  results  obtained  from  the  program. 

j_.  Appendix  C  contains  a  description  of  each  routine  in  CSLIDE  and 
a  flowchart. 


PART  II:  OVERVIEW  OF  SLIDING  STABILITY  ANALYSTS 


4.  The  purpose  of  a  sliding  stability  analysis  is  to  assess  the  safety 
of  a  structure  against  a  potential  failure  due  to  the  effects  of  excessive 
horizontal  deformations.  The  potential  for  a  sliding  failure  may  be  assessed 
by  comparing  the  applied  shearing  forces  to  the  resisting  shearing  forces. 

The  resisting  shearing  forces  are  forces  which  are  available  due  to  the  shear 
strength  of  the  geologic  material  along  an  assumed  failure  surface.  A  sliding 
failure  is  imminent  when  the  ratio  of  the  applied  shearing  forces  to  the 
available  resisting  shearing  forces  is  equal  to  one  along  an  assumed  failure 
surface . 

5.  The  shape  of  the  failure  surface  may  be  irregular  depending  on  the 
homogeneity  of  the  backfill  and  foundation  material.  The  failure  surface  can 
be  composed  of  any  combination  of  plane  and  curved  surfaces.  For  simplicity, 
all  failure  surfaces  in  CSLIDE  are  assumed  to  be  planes  which  form  the  bases 
of  wedges  as  shown  in  Figure  1. 


Figure  1.  Typical  soil/structure  system  with  an  assumed  failure 

surface 


6.  Except  for  very  simple  cases,  most  sliding  stability  problems  en¬ 
countered  in  engineering  practice  are  statically  indeterminate.  To  reduce  a 
problem  to  a  statically  determinate  one,  the  problem  must  be  simplified  by 
dividing  the  system  into  a  sufficient  number  of  wedges  and  arbitrarily  assum¬ 
ing  the  direction  of  the  forces  which  act  between  the  wedges. 

7.  Figure  2  illustrates  how  CSLTDE  would  divide  the  previously  shown 
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Figure  2.  Typical  system  of  wedges 


failure  surface  In  Figure  1  into  wedges.  The  base  of  a  wedge  is  formed  from 
either  a  section  of  the  failure  surface  that  lies  in  a  single  soil  layer  or 
along  the  base  of  the  structure.  The  interface  between  any  two  adjacent 
wedges  is  assumed  to  be  a  vertical  plane  which  extends  from  the  intersection 
of  the  corners  of  the  two  adjacent  wedges  upward  to  the  top  soil  surface.  The 
base  of  a  wedge,  the  vertical  interface  on  each  side  of  the  wedge,  and  the  top 
soil  surface  between  the  vertical  interfaces  define  the  boundaries  of  an  indi¬ 
vidual  wedge. 

8.  The  failure  mechanism,  as  shown  in  Figure  2,  is  composed  of  three 
types  of  wedges:  a  set  of  active  wedges,  a  single  structural  wedge,  and  a  set 
of  passive  wedges.  Each  active  wedge  has  a  net  driving  shearing  force  that 
exceeds  the  net  available  resisting  shearing  force.  This  force  imbalance  re¬ 
sults  in  a  net  horizontal  driving  force  applied  by  the  active  wedge.  The  base 
of  each  active  wedge  is  inclined  at  an  angle  which  produces  the  maximum  driv¬ 
ing  force  for  the  wedge's  geometry,  loading  conditions,  and  developed  shear 
strength  properties. 

9.  The  next  type  of  wedge  is  the  structural  wedge.  If  the  failure 
plane  for  the  structural  wedge  is  assumed  to  coincide  with  the  base  of  the 


I 

structure,  the  structural  wedge  will  be  comprised  of  the  structure  and  any 
soil  above  the  base  of  the  structure.  If  the  failure  plane  for  the  structural 
wedge  is  defined  below  the  base  of  the  structure,  the  additional  soil  below 
the  base  of  the  structure  and  above  the  failure  plane  will  also  be  included  in 
the  structural  wedge. 

10.  The  structural  wedge  may  add  to  the  resisting  or  driving  forces 
which  act  on  the  system  of  wedges.  Whether  the  structural  wedge  exerts  a 
driving  or  resisting  force  depends  on  the  base  slope  of  the  structural  wedge 
and  on  the  loads  applied  to  the  structural  wedge. 

11.  The  last  type  is  the  passive  wedge.  Each  passive  wedge  has  a  net 
available  resisting  shearing  force  that  exceeds  the  net  driving  shearing 
force.  This  force  imbalance  results  in  a  net  horizontal  resisting  force 
applied  by  the  passive  wedge.  The  base  of  each  passive  wedge  is  inclined  at 
an  angle  which  produces  the  minimum  resisting  force  for  the  geometry,  loading 
conditions,  and  developed  shear  strength  properties  of  the  wedge, 

12.  Depending  on  the  geologic  conditions  of  the  foundation  material, 
the  total  failure  surface  or  parts  of  the  failure  surface  may  be  constrained. 
The  inclination  of  some  of  the  failure  planes  or  the  starting  elevation  of  the 
failure  planes  adjacent  to  the  structure  may  be  known  due  to  natural  con¬ 
straints  at  the  site.  Conditions  which  warrant  the  predetermination  of  parts 
of  the  failure  surface  include  bedding  planes  or  cracks  in  a  rock  foundation 
as  shown  in  Figure  3. 


Figure  3.  Predetermined  failure  surface 
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PART  III:  DEVELOPMENT  OF  THE  GOVERNING  WEDGE  EQUATION 


Definition  of  Factor  of  Safety 


15.  The  limit  equilibrium  analysis  procedures  described  in  ETL  111 0—2— 
256  are  based  on  presently  accepted  geotechnical  principles  that  consider  the 
shear  strength  of  soil  and  rock  in  the  analysis.  A  factor  of  safety  is  ap¬ 
plied  to  the  factors  which  affect  the  sliding  stability  and  are  known  with  the 
least  degree  of  certainty;  these  factors  are  the  material  strength  properties. 

16.  A  state  of  limiting  equilibrium  is  said  to  exist  when  the  resultant 
of  the  applied  shear  stresses  is  equal  to  the  maximum  shear  strength  along  a 
potential  failure  surface.  Therefore,  a  structure  is  stable  against  sliding 
for  a  potential  failure  surface  when  the  applied  shear  stress  is  less  than  the 
available  shear  strength  along  that  surface.  The  ratio  of  the  maximum  shear 
strength  to  the  applied  shear  stress  along  a  potential  failure  surface  is  de¬ 
fined  as  the  factor  of  safety  (FS)*  as  shown  in  Equation  1. 


FS  =  — 

T 


where 

Tp  =  maximum  shear  strength 
t  =  applied  shear  stress 

17.  By  rearranging  Equation  1,  the  shear  stress  necessary  to  maintain 
the  wedge  system  in  equilibrium  is  equal  to  the  maximum  shear  strength  divided 
by  the  factor  of  safety  (Equation  2) . 


This  ratio  of  maximum  shear  strength  to  FS  may  be  thought  of  as  the  degree  of 
shear  strength  mobilized. 


*  For  convenience,  symbols  and  abbreviations  are  listed  in  the  Notation 
(Appendix  D) . 


Assumptions  and  Simplifications  of  Analysis 


18.  Two  simplifications  used  in  the  derivation  of  the  sliding  equations 


a.  The  interface  between  adjacent  wedges  is  a  vertical  plane. 

b.  The  failure  surface  is  composed  of  linear  segments. 

19.  The  fundamental  assumptions  used  in  the  derivation  of  the  sliding 
equations  are: 


a.  The  FS  is  defined  by  Equation  1, 


b.  The  sliding  mechanism  can  be  adequately  represented  by  a  two- 
dimensional  analysis. 


c.  The  maximum  available  shear  resistance  is  defined  by  the  Mohr- 
Coulomb  failure  criteria. 


d.  The  assumed  failure  surface  is  kinematically  possible. 


e.  Force  equilibrium  is  satisfied;  moment  equilibrium  is  not 
considered . 


f.  The  shearing  force  acting  parallel  to  the  interface  of  any  two 
wedges  is  negligible.  There  is  no  interaction  of  vertical 
effects  between  wedges. 


£.  The  FS  for  each  wedge  is  identical. 


h.  The  effects  of  displacements  on  the  magnitudes  of  active  and 
passive  forces  developed  are  not  considered. 


i..  There  can  be  only  one  structural  wedge  because  concrete  struc¬ 
tures  transfer  significant  shearing  forces  across  vertical 
internal  boundaries. 


Sign  Convention 


20.  The  equations  for  the  sliding  stability  of  a  general  wedge  system 
are  derived  using  a  right-hand  coordinate  system  as  shown  in  Figure  4.  The 
origin  of  each  wedge  is  located  at  the  lower  left  corner  of  the  wedge  as  shown 


in  Figure  5.  The  x-axis  is  horizontal  and  the  y-axis  is  vertical. 

21.  Axes  which  are  tangent  (t)  and  normal  (n)  to  a  failure  plane  are 
inclined  at  an  angle  (a)  to  the  +x-  and  +v-axes.  A  negative  angle  is  formed 
from  a  clockwise  rotation  of  the  axes.  A  positive  angle  is  formed  from  a 


counterclockwise  rotation  of  the  axes. 


22.  Figure  5  illustrates  the  sign  convention  and  angle  orientation  for 
a  typical  i^  wedge. 
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Figure  4.  Sign  convention 
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Figure  6.  Distribution  of  pressures  and  resultant  forces  acting 

on  a  typical  wedge 

The  presence  of  water  may  also  induce  external  horizontal  and  vertical  loads 
if  the  water  level  is  above  the  top  of  a  wedge  or  above  the  top  of  an  adjacent 

wedge . 

25.  Listed  below  are  the  various  loads  that  can  exist  on  a  typical 

wedge : 

a.  The  V  forces  consist  of  applied  surcharge  loads,  induced 
loads  due  to  earthquake  accelerations,  and  water  loads. 

b.  The  H  forces  consist  of  applied  point  loads,  induced  loads 
due  to  earthquake  accelerations,  and  water  loads. 


Mi-i  FI  u  n  V  •  V 


c.  The  W  force  is  the  weight  of  the  wedge. 

d.  The  P  forces  are  the  earth  forces  and  water  forces  that  exist 
between  adjacent  wedges. 

e.  The  U  force  is  the  resultant  uplift  force  due  to  seepage  or 
hydrostatic  pressures. 

t_.  The  T  force  is  the  applied  shearing  force. 

£.  The  N  force  is  the  normal  force  necessary  for  the  wedge  to 
remain  in  equilibrium. 


Derivation  of  Governing  Wedge  Equation 


26.  The  initial  step  in  the  derivation  of  the  governing  wedge  equation 
is  to  sum  forces  in  the  tangential  and  normal  directions  as  seen  in  ETL  111 0— 
2-256.  To  accomplish  this,  the  free  body  diagram  must  be  drawn  and  the 
applied  forces  resolved  into  their  normal  and  tangential  components  as  shown 
in  Figure  7.  Only  force  equilibrium  is  satisfied  in  this  procedure;  moment 
equilibrium  is  not  considered.  Therefore,  only  the  magnitudes  of  the  applied 
forces  are  considered  and  not  their  locations.  Summing  forces  in  the  normal 
direction  provides  the  equation  for  the  normal  force. 


IF  =  0 
n 


0  =■  cos  a  -  Vj,  cos  sin  sin  a ^ 


i  i 


-  Pj  ,  sin  aJ  +  P.  sin  a, 
i-1  i  l  i 


Ni  =  ^Wi  +  Vi^  COS  ai  “  Ui  +  (HLi  ”  HRi^  sin  °i  +  ^Pi-1  -  sin  ai 

Next,  summing  forces  in  the  tangential  direction  provides  the  equation  for  the 
applied  shearing  force. 

IF  -  0 

0  =  -T  -  Wj  sin  a,  -  VJ  sin  a,  +  R,  .  cos  a,  -  cos  a. 

i  1  i  i  i  Li  i  Ri  l 


+  P,  .  cos  a.  -  P.  cos  a. 
i-1  i  i  i 


T,  *  (H, ,  -  H  , )  cos  a,  -  (W,  +  V,)  sin  a.  +  (P,  ,  -  P.)  cos  a, 


1 1 
« 


28.  The  governing  wedge  equation  can  now  be  derived  by  combining  the 
definition  of  the  FS  with  the  definition  of  the  maximum  shearing  force  along 
the  base  of  a  wedge  as  defined  by  the  Mohr-Coulomb  failure  criteria.  By  com¬ 
bining  Equations  1  and  5,  the  FS  is  now  equal  to 


Tp  Np  tan  ^  +  c^ 

i  -  Ti  - 


Inserting  the  equation  for  the  normal  force  (Equation  3)  and  the  equation  for 
the  applied  shearing  force  (Equation  4)  into  Equation  6  yields  an  equation  for 
the  FS  in  terms  of  the  forces  applied  to  an  individual  wedge. 


(wi  +  V  rOS  *1  -  Ul  +  l<HLi  -  "hi*  +  (PJ-1  -  V  Si"  “1  ran  ♦,  +  ciL, 

1  ♦  <Pf_,  -  Pt>l  cTS  -  (W,  ♦  vt,  sin  ^ 


Rearranging  Equation  7  to  solve  for  the  net  internal  wedge  force,  P^  “  » 

yields  the  governing  wedge  equation  for  an  individual  wedge. 


tan  *  t 

[  (W  +  V  )  cos  a.  -  U  +  (H  -  H  )  sin  a.]  — — -  -  (H,  .  -  H  )  cos  a.  +  (W.  +  V  )  sin  a.  +  L, 


co s  a.  -  sin  a, 


29.  Equation  8  is  the  form  of  the  governing  wedge  equation  implemented 
in  CSLIDE  and  discussed  in  the  remainder  of  this  report. 

30.  A  negative  value  of  the  difference,  P  .  -  P  ,  indicates  the 

til  1 

applied  shearing  forces  acting  on  the  i  wedge  exceed  the  shearing  forces 

resisting  sliding  along  the  base  of  the  wedge.  A  positive  value  of  the 

difference,  P.  .  -  P  ,  indicates  the  applied  shearing  forces  acting  on  the 
th  ^  ^ 

i  wedge  are  less  than  the  shearing  forces  resisting  sliding  along  the  base 
of  the  wedge. 

31.  The  assumed  direction  of  the  applied  shearing  force  T^  implies 
failure  is  occurring  from  left  to  right.  Because  of  this  assumption,  the 
active  earth  force  side  is  located  to  the  left  of  the  structural  wedge  and  the 


passive  earth  force  side  is  located  to  the  right  of  the  structural  wedge. 

32.  In  the  remainder  of  this  report,  any  reference  to  the  sign  of  a 
force,  as  it  relates  to  the  direction  of  failure,  will  be  based  upon  the 
assumption  that  failure  will  occur  from  left  to  right. 

33.  The  governing  wedge  equation  has  two  unknowns:  the  difference, 

-  P^  ,  and  the  FS  .  For  a  system  with  a  total  of  n  wedges  there  will 
be  2n  unknowns.  Recall,  one  of  the  assumptions  of  this  method  is  the  system 
of  wedges  act  as  an  integral  failure  mechanism.  For  this  to  be  true,  the 
safety  factors  for  all  the  wedges  must  be  identical.  Thus,  for  a  system  of  n 
wedges  there  will  be  n  equations  with  n  +  1  unknowns. 

34.  An  additional  equation  is  supplied  by  satisfying  overall  horizontal 

equilibrium,  EF  =  0  ,  for  the  entire  system  of  wedges. 

H 

n 

X  pi-i  -  pi  ■  °  (,> 

i=l 

where  the  boundary  forces  P^  and  P^  are  set  equal  to  zero. 

35.  Usually  an  iterative  process  is  required  to  determine  the  FS  that 

places  the  system  of  wedges  in  equilibrium.  The  net  horizontal  earth  force, 

P^_j  -  P_.  ,  for  each  wedge  is  calculated  using  Equation  8  with  a  trial  FS . 

All  of  the  P.  ,  -  P.  forces  are  summed  and  if  Equation  9  is  satisfied,  the 
l-l  i 

FS  is  obtained  that  places  the  system  of  wedges  in  equilibrium. 


PART  IV:  ANALYSIS  PROCEDURE 


General  Iteration  Procedure 


Procedure  for  a 
fixed  failure  surface 

36.  A  general  procedure  for  analyzing  a  system  of  wedges  with  predeter¬ 
mined  base  inclinations  using  the  governing  wedge  equation  is  summarized 
below: 

a.  Assume  a  potential  failure  surface  based  on  the  geologic  condi¬ 
tions  of  the  foundation  and  configuration  of  the  substructure. 

b.  Divide  the  assumed  failure  surface  into  the  appropriate  number 
of  wedges  with  one  structural  wedge.  The  interface  between 
adjacent  wedges  is  defined  by  a  vertical  plane. 

c.  Isolate  each  wedge  in  a  free  body  diagram,  applying  all  forces 
which  act  on  the  wedge. 

cL  Assume  an  FS  for  the  system. 

e.  Calculate  the  difference,  P ^  ^  —  P ^  ,  for  each  wedge  using  the 
governing  wedge  equation. 

_f.  Sum  the  differences,  P ^  ^  —  P ^ 

For  the  system  of  wedges  to  be  in  equilibrium,  the  sum  of  the 
differences  calculated  in  step  f_  should  equal  zero. 

h.  Based  ori  the  sum  of  the  differences,  revise  the  value  of  the 
assumed  FS.  If  the  sum  is  negative,  the  FS  is  lower  than 
assumed.  If  the  sum  is  positive,  the  FS  is  greater  than 
assumed . 

i^.  Repeat  steps  e  through  h  until  equilibrium  is  achieved. 

j_.  Other  failure  surfaces  may  be  analyzed  by  returning  to  step  a. 

37.  The  above  procedure  assumes  the  total  failure  surface  is  determined 
prior  to  performing  the  iteration  procedure  which  finds  the  FS  that  produces  a 
state  of  equilibrium. 

Procedure  for  a 
variable  failure  surface 

38.  An  alternate  procedure  is  necessary  when  the  failure  surface  is 
unknown.  The  failure  surface  is  determined  by  assuming  an  initial  FS  and 
varying  the  inclinations  of  the  bases  of  the  wedges.  The  failure  angle  of 
each  active  wedge  is  varied  to  produce  a  maximum  driving  force  and  the  failure 
angle  of  each  passive  wedge  is  varied  to  produce  a  minimum  resisting  force. 
Once  the  failure  surface  is  established,  the  Iteration  procedure  is  similar  to 


the  procedure  for  a  fixed  failure  surface  given  in  the  previous  section. 

39.  The  general  iteration  procedure  for  obtaining  the  FS  for  a  variable 
failure  surface  is  given  below: 

a.  Assume  an  FS. 

b.  Depending  on  the  geologic  conditions  of  the  foundation  and 
configuration  of  the  substructure,  predetermine  any  portions  of 
the  failure  surface  which  are  not  variable.  The  starting 
elevations  of  the  wedges  adjacent  to  the  structural  wedge  may 
also  need  to  be  predetermined  (Part  VI). 

c.  Beginning  with  the  wedge  closest  to  the  structural  wedge  on  the 
active  side  (Figure  9) ,  choose  a  trial  inclination  for  the  base 
of  this  wedge.  The  wedge  closest  to  the  structural  wedge  will 
also  be  the  wedge  in  the  lowest  soil  layer. 

d.  For  this  trial  inclination,  draw  a  free  body  diagram  of  the 
wedge  applying  all  forces  which  act  on  the  wedge. 


Calculate  the  difference, 


for  the  wedge. 


Assume  a  new  trial  inclination  and  repeat  steps  d  and  e. 
Depending  on  whether  or  not  the  second  trial  inclination 


u  •  a  *  -  i. 


BEGINNING  WEDGE 
IN  ITERATION 
PROCESS 


VfvV\ 

r  A  '  •  I 


*  0  '  9  . 

w  t>  o 

>  .  •  £±  *>  ' 
p-  * 

■  *  U.  *  6  * 

V  ..  ■  a  »>  . . 

A. 

a  1 .  A 


'  <i.’  > 


TRIAL  INCUN  A  TION 
ANGLE  — - — 


Figure  9.  Beginning  wedge  in  iteration  process 
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produced  a  larger  or  smaller  difference  (absolute  value),  vary 
the  inclination  until  a  maximum  magnitude  of  the  difference, 

-  Pi  ,  is  found. 

g.  Move  out  from  the  structural  wedge  to  the  next  wedge.  The 
outer  wedge  will  begin  where  the  inner  wedge  ended.  Repeat 
steps  d  through  £.  Do  this  for  all  the  active  wedges. 

h.  Draw  a  free  body  diagram  of  the  structural  wedge  applying  all 
forces  which  act  on  the  wedge.  Calculate  the  difference, 

^  ,  on  the  wedge. 

_i.  Repeat  steps  c  through  g  for  the  wedges  on  the  passive  side 
except  iterate  to  find  a  minimum  magnitude  of  the  difference, 

?i  -  P^  ,  for  each  wedge. 

i.  Sum  up  the  P.  ,  -  P,  differences.  For  the  system  to  be  in 

r  l-l  i 

equilibrium,  the  sum  should  equal  zero. 

k.  Tf  the  sum  of  the  differences  does  not  equal  zero,  revise  the 
value  of  the  trial  FS.  If  the  sum  is  negative,  the  FS  is  lower 
than  assumed.  If  the  sum  is  positive,  the  FS  is  greater  than 
assumed . 

J_.  Repeat  steps  c  through  k  until  the  sum  of  the  P^  j  -  P. 
differences  equals  zero. 

CSLIDF  Procedure 

40.  CSLTDE  uses  the  previously  described  iteration  procedure  for  a 
variable  failure  surface  to  calculate  the  critical  failure  surface  which  has 
the  minimum  FS.  The  manner  in  which  CSLIDF  varies  the  FS  and  the  failure 
angles  of  the  wedges  to  locate  this  critical  failure  surface  and  minimum  FS  is 
described  in  this  section.  The  convergence  criteria  employed  by  CSI.IDE  which 
indicates  when  the  solution  has  converged  to  a  critical  one  is  also  discussed 
in  this  section. 

Factor  of  safety 

41.  CSLIDF  uses  an  upper  and  lower  bound  for  the  FS  to  select  a  trial 
FS  to  be  used  in  the  first  two  iterations.  An  upper  bound  of  1.5  and  a  lower 
bound  of  0.5  for  the  FS  are  the  default  values,  but  the  user  has  the  option  to 
select  his  own  values  for  the  upper  and  lower  bounds. 

42.  In  the  first  iteration,  the  average  of  the  upper  and  lower  bounds 
is  used  as  the  trial  FS.  After  the  first  iteration,  if  the  sum  of  the 

Pj_l  -  P^  differences  is  negative,  the  lower  bound  is  used  in  the  second 
iteration.  If  the  sum  of  the  P.  -  P^  differences  is  positive,  the  upper 
bound  is  used  in  the  second  iteration.  For  anv  subsequent  iterations,  a  trial 


FS  is  extrapolated  from  or  interpolated  between  the  present  and  previous 
factors  of  safety  to  achieve  a  state  of  horizontal  equilibrium. 

43.  For  possible  problems  concerning  the  use  of  input  values  for  the 
upper  and  lower  bounds  of  the  FS,  refer  to  Part  VI. 

Failure  angles 

44.  The  base  inclination  angles  for  both  the  single  and  multiple  plane 
analyses  (Part  VI)  vary  initially  in  5-deg  increments.  When  a  maximum  or  a 
minimum  force  for  a  wedge  is  bound  by  two  angles,  the  increment  is  reduced. 

45.  The  failure  angles  for  a  single  plane  analysis  are  calculated  to 
the  nearest  0.001  deg.  The  failure  angles  for  a  multiple  plane  analysis  are 
calculated  to  the  nearest  0.1  deg  to  reduce  the  amount  of  computational  work. 

46.  The  single  and  multiple  plane  analyses  differ  in  the  accuracy  used 
to  calculate  the  failure  angles.  For  a  single  plane  analysis,  all  wedges  on  a 
particular  side,  active  or  passive,  will  have  the  same  failure  angle.  There¬ 
fore,  a  minimum  resisting  or  a  maximum  driving  force  is  sought  for  a  partic¬ 
ular  plane  and  not  for  each  individual  wedge.  For  this  analysis,  the  failure 
angles  are  calculated  to  the  nearest  0.001  deg.  For  a  multiple  plane  analy¬ 
sis,  the  failure  angle  of  each  wedge  is  varied  to  find  a  maximum  driving  or 
minimum  resisting  force  for  that  wedge.  This  analysis  requires  more  computa¬ 
tional  work  than  does  the  single  plane  analysis.  Consequently,  the  failure 
angles  for  the  multiple  plane  analysis  are  calculated  to  the  nearest  0.1  deg. 
Convergence  criteria 

47.  The  solution  is  assumed  to  have  converged  when  the  absolute  value 


of  the  sum  of  the  P^_^ 
equal  to  0.001  kips.* 


P^  differences  for  any  iteration  is  less  than  or 


Water  Pressures 

48.  The  user  may  use  any  of  the  following  methods  to  account  for  the 
uplift  effects  due  to  the  presence  of  water: 

a.  Water  pressures  may  be  entered  at  the  ends  of  each  wedge. 

b.  Hydrostatic  pressures  may  be  calculated  at  the  ends  of  each 


A  table  of  factors  for  converting  non-SI  units  ol  me.isurement 
(metric)  units  is  presented  on  page  5. 
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c.  An  uplift  force  may  be  entered  for  the  structural  wedge. 

d.  Uplift  pressures  at  the  ends  of  each  wedge  may  be  calculated  by 
the  line  of  creep  method. 

An  explanation  of  each  method  is  provided  in  the  following  paragraphs. 

Input  uplift  pressures 

49.  Water  pressures  may  be  entered  at  the  ends  of  each  wedge,  and  the 
program  will  calculate  an  uplift  force  acting  on  the  base  of  each  wedge. 
Hydrostatic  pressures 

50.  Hydrostatic  pressures  will  be  calculated  at  the  ends  of  each  wedge 
if  hydrostatic  conditions  exist  or  if  the  program  is  instructed  to  calculate 
hydrostatic  pressures.  The  program  will  use  the  hydrostatic  pressures  to 
calculate  an  uplift  force  which  acts  on  the  base  of  each  wedge. 

Input  uplift  force 

51.  An  uplift  force  that  acts  on  the  base  of  the  structural  wedge  may 
be  specified.  The  uplift  forces  on  the  remaining  wedges  may  be  calculated 
by  any  of  the  other  methods. 

Line  of  creep 

52.  Seepage  pressures  are  calculated  using  the  line  of  creep  method. 

The  line  of  creep  method  assumes  a  linear  distribution  of  head  loss  along  the 
shortest  seepage  path.  The  shortest  seepage  path  is  the  distance  in  the  soil 
around  the  wetted  perimeter  of  the  structural  wedge. 

53.  Bernoulli's  equation  for  laminar  flow  defines  the  total  head  (h) 
measured  from  an  arbitrary  datum  as 


where 

z  =  elevation  head  of  an  arbitrary  point 
=  pressure  at  an  arbitrary  point 
y  =  unit  weight  of  water 

54.  In  groundwater  flow,  the  value  of  the  total  head  changes  from  point 
to  point  in  the  soil  medium  because  of  a  loss  of  energy  due  to  the  viscous 
resistance  within  the  individual  pores.  To  account  for  this  loss  of  energy, 
Bernoulli's  equation  is  taken  as 
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SOIL  LAYERS  CANNOT  OVERLAP 


a.  Actual  soil  geometry 


SOIL  LAYERS  MUST  BE  SEPARATED 
b.  Correct  modeling  of  soil  layers 
e  12.  Modeling  several  overlapping  soil  layers 
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PART  V:  CAPABILITIES  OF  PROGRAM  CSLIDE 

62.  CSLIDE  can  analyze  stability  problems  with  a  variety  of  soil 
geometries,  structure  geometries,  and  loading  conditions.  A  general  soil/ 
structure  system  that  can  be  analyzed  by  CSLIDE  is  shown  in  Figure  13. 


Figure  13.  General  soil/structure  system 

63.  An  outline  of  the  capabilities  of  CSLIDE  follows  as  Figure  14.  Fo 
a  more  detailed  discussion  of  the  various  options  available,  refer  to  Part  VI 
For  a  detailed  discussion  of  how  to  enter  the  data  refer  to  Part  VIII. 
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I.  Input  Data 

A.  Structural  Wedge 

1.  Structure  may  be  composed  of  up  to  20  points. 

2.  Elevation  of  the  wedge-structure  intersection  on  the 
active  side  of  the  structure  may  be  specified.  The 
elevation  must  always  be  at  or  above  the  lower  left 
corner  of  the  structure  and  below  the  top  of  the 
lowest  soil  layer  on  the  active  side. 

3.  Percent  of  the  base  in  compression  may  be  specified. 

4.  Bottom  of  the  structural  wedge  must  be  defined  by  one 
plane . 

B.  Left-Side  Soil  and  Right-Side  Soil 

1 .  A  maximum  of  5  soil  layers  on  each  side  of  the  struc¬ 
tural  wedge  may  be  entered  with  a  maximum  of  10  points 
describing  each  layer. 

2.  The  right-side  soil  is  always  considered  the  passive 
side  and  the  left-side  soil  is  always  considered  the 
active  side. 

3.  All  left-side  soil  elevations  at  the  structure  must  be 
above  the  lower  left  corner  of  the  structure.  If  only 
one  soil  layer  is  entered,  it  may  be  at  the  elevation 
of  the  lower  left  corner  of  the  structure. 

4.  All  right-side  soil  elevations  at  the  structure  must 
be  above  the  lower  right  corner  of  the  structure.  If 
only  one  soil  layer  is  entered,  it  may  be  at  the  ele¬ 
vation  of  the  lower  right  corner  of  the  structure. 

5.  All  left-side  soil  elevations  at  the  structure  must  be 
above  the  elevation  of  the  wedge  structure 
intersection. 
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Methods  of  Analysis 


1.  Single  plane.  All  wedge  angles  on  a  particular  side 
are  the  same. 

2.  Multi-plane.  Wedge  angles  may  vary  on  a  particular 
side . 

3.  Angles  may  vary  from  +85  to  -85  deg.  Thus,  layers 
that  slope  down  and  away  from  the  base  of  the  struc¬ 
ture  may  be  handled  by  the  program. 

Water 

1.  Water  elevation  may  be  specified  on  the  left  and  right 
sides . 

2.  The  water  height  may  be  greater  on  either  side. 

3.  Methods  of  computing  uplift. 

a.  Pressures  may  be  input  at  the  top  and  bottom  of 
each  wedge  and  at  five  points  along  the  base  of 
the  structure.  The  pressure  is  assumed  to  vary 
linearly  between  the  input  points. 

b.  Hydrostatic  pressure  calculations  may  be  specified 
or  if  there  is  no  difference  in  head,  hydrostatic 
pressures  are  automatically  calculated. 

c.  An  uplift  force  may  be  specified  for  the  struc¬ 
tural  wedge.  An  uplift  force  may  be  specified 
when  using  any  of  the  methods  for  computing  see¬ 
page  pressures. 

d.  Line  of  creep  method  along  the  shortest  seepage 
path  may  be  used. 

Input  Wedge  Angles.  Angles  ranging  from  +85  to  -85  deg 
may  be  specified  for  any  of  the  soil  wedges.  If  an  angle 
is  input  for  the  structural  wedge,  it  must  extend  a  plane 
at  or  below  the  base  of  the  structure.  The  structural 
wedge  would  include  the  additional  soil  below  the  struc¬ 
ture  and  the  angle  would  define  the  new  sliding  plane. 
Thus,  it  is  possible  to  examine  a  plane  below  the  base  of 
the  structure  for  deep-seated  sliding. 

Earthquake  Loads.  Horizontal  and  vertical  seismic  coef¬ 
ficients  may  be  specified. 
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H.  Factor  of  Safety 

1.  An  upper  and  lower  bound  may  be  specified  for  the  FS 
to  aid  in  the  interpolation  for  new  factors  of  safety. 

2.  A  ratio  of  the  passive  FS  to  the  active  FS  may  be 
specified . 

I.  Vertical  Loads 

1.  Maximum  of  10  line  loads. 

2.  Maximum  of  10  strip  loads. 

3.  Maximum  of  10  triangular  loads. 

4.  Maximum  of  10  ramp  loads. 

5.  Two  uniform  loads  (one  on  the  active  side,  one  on  the 
passive  side) . 

J.  Horizontal  Loads.  As  many  as  necessary  may  be  placed  on 
any  wedge . 

II.  Data  Entry 

A.  Prompting  Sequence 

B.  Terminal  Input  with  Keywords 

C.  Input  From  File  with  Keywords 
III.  Editing 

A.  Edit  by  Sections  of  Data 

B.  Edit  Using  Keywords 

C.  Edit  from  File 

1.  Rerun  current  data  with  modifications. 


2.  Enter  new  problem. 


IV.  Output 


A.  Echoprint  of  Input  Data 

B.  View  All  Iterations  as  Solution  Converges 


Figure  14.  (Sheet  3  of  4) 
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PART  VI:  DISCUSSION  OF  PROGRAM  INPUT 


64.  This  section  will  elaborate  upon  each  option  available  to  the  user. 


The  purpose  of  each  option,  the  conditions  which  warrant  the  use  of  each 
option,  and  the  information  required  to  use  each  option  will  be  discussed. 


Factor  of  Safety  Ratio 


65.  The  user  is  allowed  to  enter  a  ratio  of  the  FS  for  the  passive  side 
to  the  FS  for  the  active  side.  The  program  will  try  to  maximize  the  active 
earth  force  using  a  trial  FS.  Once  the  active  earth  force  is  maximized,  the 
trial  FS  is  multiplied  by  the  ratio  entered.  The  program  uses  this  new  FS  and 
attempts  to  minimize  the  passive  earth  force. 

66.  The  movement  of  the  soil  required  to  develop  a  full  passive  earth 
force  is  about  5  to  10  times  the  movement  required  to  develop  a  full  active 
earth  force.  Since  a  maximum  driving  force  will  exist  before  the  full  resist¬ 
ing  force  is  developed,  it  would  be  desirable  to  use  only  a  partial  amount  of 
the  full  passive  resistance  in  an  analysis.  The  passive  resistance  may  be  re¬ 
duced  by  applying  a  greater  FS  to  the  passive  wedges  than  is  applied  to  the 
active  wedges.  This  is  accomplished  by  using  an  FS  ratio  greater  than  one. 

67.  For  an  FS  ratio  of  one,  both  the  active  and  passive  wedges  will  use 
the  same  trial  FS.  When  a  state  of  equilibrium  is  obtained,  the  active  FS  and 
passive  FS  will  be  equal.  The  value  of  the  FS  when  the  failure  mechanism  is 
in  equilibrium  for  a  FS  ratio  of  one  will  be  called  the  balance  point.  The 
balance  point  is  shown  in  Figure  15. 

68.  As  shown  in  Figure  15,  an  increase  in  the  passive  FS  will  cause  a 
decrease  in  the  active  FS.  A  reduction  in  the  passive  FS  will  cause  an  in¬ 
crease  in  the  active  FS .  This  is  the  typical  trend  of  the  active  and  passive 
factors  of  safety  for  equilibrium  conditions. 

69.  A  linear  relationship  does  not  exist  between  the  FS  ratio  and  the 
value  of  the  active  FS.  If  results  were  compared  for  FS  ratios  of  2  and  10, 
the  active  FS  obtained  would  not  differ  by  a  factor  of  5.  This  can  be  seen 
from  the  shape  of  the  curve  in  Figure  15, 


70.  Also,  a  linear  relationship  does  not  exist  between  the  passive  FS 
and  the  forces  exerted  by  the  passive  wedges.  The  passive  FS  may  be  increased 
by  a  certain  factor,  but  the  passive  earth  forces  would  not  decrease  bv  this 


same  factor. 
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may  need  to  be  adjusted.  Initially,  the  starting  elevation  of  this  wedge  is 
assumed  to  he  at  the  elevation  of  the  lower  left  corner  of  the  structure.  If 
needed,  the  user  has  the  option  to  change  this  starting  elevation. 

72.  If  the  structure  is  founded  in  competent  rock,  the  rock  will  not 
exert  an  active  force  on  the  structure  when  the  structure  begins  to  move. 
Therefore,  the  failure  plane  on  the  active  side  should  begin  at  the  top  of  the 
rock  foundation.  If  water  exists  above  the  base  of  the  structure,  the  hori¬ 
zontal  component  of  the  water  load  on  the  structure  below  this  wedge  elevation 
should  be  included  in  the  analysis  as  an  external  load,  because  it  is  not  in¬ 
cluded  in  the  interslice  torces.  An  example  of  this  is  shown  in  Figure  1  ft . 


Figure  16.  Elevation  of  the  active  wedge-failure  angle  at  left  side 

of  structure 


74.  The  inclination  of  the  failure  planes  may  be  predetermined  by 
factors  such  as  loading  conditions  and  the  geologic  structure  of  the  founda¬ 
tion.  The  failure  angle  of  any  wedge  may  he  specified  to  account  for  these 
cond i t i ons . 

75.  A  condition  which  warrants  the  user  determining  the  inclination  of 
a  failure  plane  would  be  a  structure  founded  in  rock  which  has  discontinuities 
such  as  bedding  planes. 
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Factor  of  Safety  Boundaries 

76.  CSLIDE  uses  an  upper  and  lower  bound  to  select  the  trial  FS  to  be 
used  in  the  first  two  iterations  in  search  of  a  critical  failure  surface. 
Initially,  the  upper  boundary  for  the  FS  is  set  to  1.5  and  the  lower  boundary 
is  set  to  0.5.  The  program  begins  the  iteration  process  with  the  average  of 
the  upper  and  lower  boundaries.  Depending  on  whether  the  sign  of  the  sum  of 
the  forces  on  the  system  is  negative  or  positive,  the  lower  or  upper  boundary 
is  used,  respectively,  for  the  next  iteration.  For  each  iteration  afterward, 
a  new  trial  FS  is  computed  by  extrapolating  from  or  interpolating  between  the 
present  and  previous  factors  of  safety  to  produce  horizontal  equilibrium. 

77.  The  user  may  set  an  upper  and  lower  boundary  for  the  FS.  The  user 
may  wish  to  do  this  if  the  final  FS  is  known  approximately.  This  will  elimi¬ 
nate  excessive  oscillations  and  cause  the  solution  to  converge  more  rapidly. 

78.  The  user  may  also  want  to  adjust  the  FS  boundaries  for  other  rea¬ 
sons.  The  solution  process  will  halt  if  either  the  solution  has  not  converged 
within  30  iterations,  an  FS  greater  than  100  is  computed,  or  a  trial  FS  less 
than  or  equal  to  0.2  is  computed.  By  shifting  the  boundaries  of  the  FS,  these 
conditions  might  be  eliminated  and  a  final  solution  obtained. 

79.  If  the  same  value  is  entered  for  both  the  upper  and  lower  bound¬ 
aries  of  the  FS,  results  are  reported  for  that  value  of  the  FS.  Earth  forces 
for  a  particular  FS  may  be  obtained  in  this  manner. 

Percent  of  Base  in  Compression 

80.  For  some  load  cases,  the  vertical  component  of  the  resultant  ap¬ 
plied  loads  will  lie  outside  the  kern  of  the  base  area.  When  this  happens,  a 
portion  of  the  structural  wedge  will  not  be  in  contact  with  the  foundation 
material.  CSLIDE  allows  the  user  to  control  the  percent  of  the  base  of  the 
structure  that  is  in  compression  to  reflect  the  interaction  between  overturn¬ 
ing  and  sliding  behavior. 

81.  Therefore,  it  may  be  advantageous  to  perform  an  overturning  analy¬ 
sis  prior  to  the  sliding  analysis.  From  the  overturning  analysis,  the  uplift 
force  on  the  base  of  the  structure  and  the  percent  of  the  base  in  compression 
may  be  calculated. 
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82.  The  reduction  of  the  contact  length  between  the  base  of  the  struc¬ 
ture  and  the  foundation  material  reduces  the  adhesive  force  resulting  from  the 
contact  between  these  two  surfaces.  The  frictional  resistance  between  the 
base  of  the  structure  and  the  foundation  material  is  unaffected  by  the 
reduction  in  the  base  contact  length. 


Seismic  Loadinc 


83.  Earthquake  accelerations  may  be  accounted  for  by  using  the  seismic 
coefficient  (pseudo-static)  method.  both  horizontal  and  vertical  seismic  co¬ 
efficients  are  multiplied  by  the  total  weight  of  a  wedge.  The  resulting  hori¬ 
zontal  and  vertical  loads  are  applied  to  the  wedge  as  additional  static  loads. 

84.  The  total  weight  of  a  wedge  includes  the  weight  of  all  soil  con¬ 
tained  in  the  wedge,  all  vertical  surcharge  loads  applied  to  the  wedge,  and 
the  weight  of  any  water  contained  within  the  wedge. 

85.  When  water  is  above  ground,  the  static  pressure  which  it  exerts 
against  a  wall  can  be  increased  or  decreased  by  seismic  action.  The  force 
exerted  by  water  above  ground  due  to  seismic  action  may  be  accounted  for  by 
using  Westergaard ' s  equation  found  in  EM  1110-2-2200.*  The  forces  developed 
must  be  applied  by  the  user  as  horizontal  loads. 

86.  Guidance  for  the  selection  of  appropriate  values  of  the  horizontal 
seismic  coefficient  may  be  found  in  ER  1110-2-1806.**  As  stated  in 

ETL  1110-2-256,  the  vertical  earthquake  acceleration  is  normally  neglected, 
but  if  included  in  the  analysis,  it  can  be  taken  as  two  thirds  of  the  horizon¬ 
tal  coefficient. 

Single-Plane  Failure  Analysis 
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87.  A  single -plane  analysis  uses  a  single  plane  on  both  the  active  and 
passive  sides  as  shown  in  Figure  17.  Since  a  single-failure  plane  is  formed 
on  each  side  of  the  structural  wedge,  one  failure  angle  will  be  associated 
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a  ACTIVE 
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°  PASSIVE 


Figure  17.  Single-plane  failure  analysis 

with  the  active  wedges  and  another  failure  angle  will  be  associated  with  the 
passive  wedges. 

Multiple-Plane  Failure  Analysis 

88.  As  shown  in  Figure  18,  a  multiple-plane  failure  analysis  forms  a 
failure  surface  on  both  the  active  and  passive  sides  of  the  structural  wedge, 
which  is  composed  of  segments  with  varying  failure  angles.  A  different  fail¬ 
ure  plane  is  formed  in  each  soil  layer.  The  inclination  of  the  failure  plane 
depends  on  the  soil  properties  associated  with  that  segment  of  the  failure 
surface  and  on  the  loading  conditions  of  the  system. 

89.  The  shear  strength  of  a  failure  surface  is  a  combination  of  the 
shear  strengths  of  the  individual  wedges  which  form  the  failure  surface.  The 
shear  strength  of  each  segment  of  the  failure  surface  is  calculated  using  the 
soil  properties  of  the  soil  layer  in  which  the  segment  is  contained. 

90.  For  a  system  with  a  single  soil  layer,  the  multiple-plane  failure 
analysis  will  yield  results  identical  to  those  obtained  hv  the  single-plane 
failure  analysis. 
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PART  VII:  DISCUSSION  OF  OUTPUT 

Output  Table 

91.  This  section  discusses  each  item  listed  in  the  output  table.  The 
horizontal  forces  applied  to  both  the  left  and  right  sides  of  each  wedge  and 
the  vertical  forces  applied  to  each  wedge  are  discussed.  The  individual  com¬ 
ponents  that  comprise  each  load  are  given.  Other  pertinent  information  re¬ 
quired  to  perform  a  hand  check  of  the  computations,  such  as  the  failure  angle, 
the  weight,  and  length  of  each  wedge,  and  the  uplift  force  applied  to  each 
wedge,  are  also  discussed. 

Horizontal  loads 

92.  The  horizontal  loads  applied  to  both  the  left  and  right  sides  of 

each  wedge  are  printed.  Each  value  will  be  the  summation  of  any  input  exter¬ 

nal  horizontal  loads,  any  horizontal  load  due  to  the  presence  of  water  next  to 
the  wedge,  and  any  induced  horizontal  load  due  to  horizontal  earthquake 
accelerat ion . 

93.  The  horizontal  loads  printed  are  always  positive.  Loads  on  the 
left  side  act  toward  the  right  and  loads  on  the  right  side  act  toward  the 
left. 

Vertical  loads 

94.  The  vertical  leads  printed  will  be  the  summation  of  any  applied 

vertical  loads,  any  vertical  load  due  to  the  presence  of  water  above  the 
wedge,  and  any  induced  vertical  load  due  to  vertical  earthquake  acceleration. 

95.  The  structural  wedge  may  have  an  additional  load  due  to  soil  con¬ 

tained  within  the  structural  wedge.  Anv  soil  contained  above  the  base  of  the 
structure  is  reported  as  a  vertical  load. 

96.  If  an  input  angle  is  applied  to  the  structural  wedge  to  shift  the 
base  of  the  structural  wedge  downward,  the  soil  included  in  the  structural 
wedge  below  the  base  of  the  structure  is  reported  as  a  vertical  load. 

Water  pressures 

97.  Water  pressures  are  printed  at  the  vertices  of  each  wedge.  As  dis¬ 
cussed  in  Part  IV,  these  pressures  mnv  be  entered  by  the  user  or  calculated  bv 
the  program.  The  program  will  calculate  hydrostatic  water  pressures  m  voter 
pressures  using  the  line  of  creep.  It  an  uplift  force  was  entered  on  the 
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Failure  angles 

98.  Failure  angles  are  printed  for  each  of  the  wedges.  These  angles 
may  be  entered  by  the  user  or  calculated  by  the  program.  Failure  angles  for  a 
single-plane  failure  analysis  are  calculated  to  the  nearest  0.001  deg.  Fail¬ 
ure  angles  for  a  multiple-plane  failure  analysis  are  calculated  to  the  nearest 
0.1  deg  to  reduce  the  amount  of  computations  required  for  this  method. 

Length  of  wedge 

99.  Both  the  total  length  and  the  submerged  length  of  each  wedge  are 
printed.  The  total  length  is  used  when  calculating  the  weight  of  a  wedge. 

The  submerged  length  is  used  when  calculating  the  uplift  force  on  a  wedge. 
Weight  of  wedge 

100.  The  weight  of  each  wedge  other  than  the  structural  wedge  includes 
only  the  weight  of  the  soil  contained  within  the  wedge.  The  weight  of  the 
structural  wedge  consists  only  of  the  weight  of  the  structure,  and  does  not 
include  the  weight  of  any  soil  contained  within  the  structural  wedge. 

Uplift  force 

101.  The  uplift  force  for  each  wedge  is  reported  and  includes  the  up¬ 
lift  effect  due  to  water  along  the  submerged  length  of  the  wedge.  The  user 
may  enter  an  uplift  force  on  the  structural  wedge  instead  of  allowing  CSLIDE 
to  calculate  pressures. 

Net  force 

102.  The  net  force  for  each  wedge  is  reported  and  is  an  indication  of 
whether  the  wedge  exerts  a  driving  or  resisting  force.  A  negative  net  force 
implies  the  forces  tending  to  cause  sliding  are  greater  than  the  forces 
resisting  sliding.  A  positive  net  force  indicates  the  forces  tending  to  cause 
sliding  are  less  than  the  forces  resisting  sliding. 

103.  The  program  assumes  the  active  side  is  always  on  the  left  and  the 
passive  side  is  always  on  the  right.  An  active  wedge  will  have  a  negative  net 
force  and  a  passive  wedge  will  have  a  positive  net  force. 

104.  There  are  conditions,  such  as  applying  a  horizontal  earthquake 
load,  that  may  cause  the  sign  of  the  net  force  on  a  passive  wedge  to  be  nega¬ 
tive.  In  effect,  this  means  the  passive  wedge  is  pulling  on  the  remaining 
wedges.  When  this  condition  occurs,  the  net  force  on  the  passive  wedge  is  set 
to  zero  in  the  program  and  a  message  is  printed.  By  setting  the  net  force  of 
the  passive  wedge  to  zero,  any  driving  force  exerted  by  the  passive  wedge  is 
ignored . 
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grapn  nz. 
be  less  than  the 
1  be  higher  than  the 

the  absolute  value 
equal  to  0.001  kip. 


which  this  occurs.  The  end  of  the  vedg.- 
boundary  of  the  problem. 


Possible  Solutions 


The  final  FS  reported  may  be  for  one  of  the  five  t< 


conditions : 


a.  Tf  a  trial  FS  drops  below  0.2,  a  message  is  printed  and  the 
results  are  reported  for  the  last  completed  iteration. 

b.  If  a  trial  safety  factor  goes  above  100,  a  message  is  printed 
and  the  results  for  the  last  completed  iteration  are  reported. 

c.  Tf  the  solution  does  not  converge  within  30  iterations,  a 
message  Is  printed  and  the  results  of  the  last  iteration  are 
reported . 

d.  If  the  solution  converges  within  30  iterations,  the  results  of 
the  final  analysis  are  reported. 

e.  If  the  sum  of  the  forces  for  any  two  successive  iterations 
does  not  vary  by  more  than  0.001  kip,  the  message,  "Stationary 
Solution"  is  printed.  This  message  will  occur  if  the  upper 
and  lower  boundaries  of  the  FS  are  equal. 

113.  If  a,  b,  or  c  occur,  the  program  might  calculate  a  final  FS  if  the 
user  changes  the  FS  boundaries  as  discussed  in  Part  VI. 


Temporary  Solutions 


114.  The  user  is  given  the  option  to  view  each  iteration  as  the  program 
searches  for  the  critical  FS ,  In  some  cases  it  may  be  helpful  to  view  the 
intermediate  results  to  see  how  the  solution  converged. 
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PART  VIII:  INPUT  GUIDE 


Source  of  Input 


115.  Input  data  may  be  supplied  from  a  prepared  data  file  or  from  the 
user's  terminal  during  execution.  If  the  data  are  input  from  the  terminal, 
the  user  may  enter  data  by  following  a  prompting  sequence  or  by  using  key  com¬ 
mand  words. 

Data  Format 


116.  All  input  data,  whether  supplied  from  a  data  file  or  from  the 

terminal,  are  read  in  free  field  format.  In  addition: 

a.  Data  items  must  be  separated  by  one  or  more  blank  spaces. 
Commas  are  not  allowed  as  delimiters. 

1).  Integer  numbers  must  be  in  nondecimal  form. 

c.  Real  numbers  may  be  in  decimal  form,  nondecimal  form,  or  E 
format . 


Data  Entry  from  the  Terminal 

Data  entry  using  a  prompting  sequence 

117.  This  is  the  recommended  method  of  data  entry  for  the  less  experi¬ 
enced  user.  The  program  "prompts"  the  user  for  information  by  asking  ques¬ 
tions  about  both  required  and  optional  data.  Details  of  this  method  and  an 
example  are  provided  in  paragraph  129. 

Data  entry  using  command  words 

118.  For  an  experienced  user,  entering  data  bv  command  words  (keywords) 
allows  more  freedom  in  the  order  of  data  entry  and  requires  less  time.  Infor¬ 
mation  is  entered  by  typing  command  words  and  their  accompanying  data.  An 
example  of  entering  data  by  this  method  is  presented  in  paragraph  130. 

Data  Entry  from  a  F i I e 

119.  Data  rrnv  he  entered  from  a  data  file  which  has  been  created  prior 
to  the  execution  of  the  program.  A  data  file  has  the  same  format  that  is  used 
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when  entering  data  by  command  words.  The  user  simply  types  lines  of  command 
words  and  their  accompanying  data.  All  lines  of  data  in  the  data  file  must  be 
preceeded  by  a  line  number.  The  data  file  is  entered  into  the  program  by 
typing  the  file  name  when  requested.  An  example  of  data  entry  from  a  file  is 
given  in  paragraph  131. 

Input  Sections 

120.  Input  to  the  program  is  divided  into  the  following  main  sections: 

a.  Heading. 

b.  Structural  description. 

£.  Left-side  soil  description. 

d.  Right-side  soil  description. 

e.  Description  of  soil  below  the  structure. 

_f.  Method  of  analysis. 

g.  Water  description. 

h.  Wedge  angle  specification. 

£.  Earthquake  conditions. 

j_.  Safety  factor  ratio. 

k.  Vertical  surcharge  loads. 

1^  Horizontal  loads. 

m.  Termination. 

Minimum  Required  Data 

121.  Several  of  the  main  input  sections  listed  in  paragraph  120  must  be 
entered  to  provide  sufficient  information  to  calculate  a  solution.  Referring 
to  paragraph  120,  the  minimum  required  sections  of  input  are  £  through  £ 

and  m.  Sections  h  through  1  are  optional. 

Sign  Convention 

122.  The  program  uses  a  right-hand  coordinate  system.  Coordinates  mav 
be  input  using  any  quadrant  or  quadrants.  Positive  angles  are  taken  counter¬ 
clockwise  from  the  horizontal  and  negative  angles  are  taken  clockwise  from  the 
horizontal.  The  sign  conventions  for  the  various  types  of  loads  are  shown  in 
Table  l . 
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Horizontal  distances 


Vertical  distances 


Table  1 

Units  and  Sign  Conventions 


Units  Sign  Convention 


ft  Negative  or  positive;  values 

increase  from  left  to  right 

ft  Negative  or  positive;  values 

increase  from  bottom  to  top 


i  kHVj  ,UVi 


UK 


Unit  weights 


Angle  of  internal 
friction 


Failure  angles 


Cohesion 

Vertical  loads: 

Strip,  ramp,  triangular, 
and  uniform  surcharges 

Point/line  loads 

Uplift  force  on  structure 
due  to  water 

Horizontal  loads 

Earthquake  loads: 

Vertical  coefficient 
Horizontal  coefficient 


Clockwise  (negative),  counter¬ 
clockwise  (positive) ;  angles 
are  rotated  from  the  positive 
horizontal  axis 


Positive;  downward 


Positive;  downward 
Positive;  upward 


Positive;  to  the  right 


Positive;  downward 
Positive;  to  the  right 
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Water  pressures 


ksf 


Positive;  upward 
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123.  All  data  must  be  entered  in  the  following  units: 


i 


a* 

Length,  feet. 

b. 

Force , 

kips . 

c  . 

Angles , 

,  degrees 

All  output  is  given  in  the  same  units  as  the  input.  Table  1  shows  a  list  of 
the  units  associated  with  various  items  of  the  input. 


Input  Description 


124.  Refer  to  Table  1  for  a  summary  of  units  and  sign  conventions. 
Input  syntax 

125.  The  following  is  an  explanation  of  the  command  words,  variables, 
requirements  and  restrictions  for  data  input.  The  syntax  shown  is  to  be  used 
when  entering  data  from  the  terminal  or  a  file. 


a.  The  brackets,  [  ],  indicate  the  enclosed  variable  is  optional. 
All  optional  variables  have  default  values  or  no  values,  as 
listed.  (Do  not  include  the  brackets  when  entering  the 
optional  variables.) 

f LN ]  indicates  a  line  number  is  to  be  used  in  this  location 
only  when  a  data  file  is  being  created. 


b. 


c.  Quotation  marks  indicate  the  enclosed  alphabetic  term  is  to  be 
typed  exactly  as  it  appears,  but  without  the  quotation  marks. 


d.  If  any  keyword  line  has  more  than  one  data  line  required-,  the 
additional  lines  should  immediately  follow  the  keyword  line. 


e.  All  data  items  must  be  separated  by  one  or  more  blank  spaces. 
Do  not  separate  data  with  commas  or  any  other  character. 


Required  data  description 

126.  Four  sections  of  the  required  data  must  be  entered  first  and  in 
the  following  order:  Heading,  Structural  information,  Left-side  soil  informa¬ 
tion,  and  Right-side  soil  information, 
a  .  Head ing . 


(1) 

Contents  (m 

[LN]  "TITL" 

(2) 

Descript  ion 

"Titt "  _  kevword  for  header  line 


TITLE  =  anv  alphanumeric  information  of  user's  choice 
(maximum  70  characters  per  line) 


50 


ggaa 

VV 


VVV  . 


km 


av.vM 

•  »  M  *  * 


w  w 

*  • 

^  «  N  »  -  » 


■  v  v  .•  / 

s&T'5 


i 


yyyA 


r  V.V  .\  J 

■\v»  V 

j>  Ii"j*  *. 

w 


s/s  Vi 

•v:  r-.v 


/./.  s.'s’ 


*.  %  \ 


b .  Structural  Information. 

(1)  Keyword  line 

(a)  Content  (one  line) 

[LN]  "STRU"  IPT  GAMC  [ANEL]  [FL] 

(b)  Description 

"STRU"  =  keyword  for  structure  information 

IPT  =  number  of  points  describing  the  structure 

GAMC  =  equivalent  unit  weight  of  the  structure, 
kef 

ANEL  =  elevation  of  the  active  wedge  failure  angle 
at  left  side  of  structure,  ft 

(DEFAULT  is  lower  left  corner  of  the 
structure) 

FL  =  percentage  of  the  concrete  base  of  the 

structure  that  is  in  compression;  enter  a 
decimal  number  less  than  or  equal  to  1.000 
(DEFAULT  is  1.000) 

(c)  Restrictions/conditions 

_1.  If  ANEL  is  entered,  it  must  be  at  or  above  the 
lower  left  corner  of  the  structure,  and  must  be 
below  the  top  of  the  bottom  soil  layer. 

2.  If  FL  is  entered,  ANEL  must  also  be  entered. 

(2)  Data  line 

(a)  Content  (maximum  20  points) 

[LN]  XC(1)  YC ( 1 )  XC ( 2)  YC(2) . . .XC(IPT)  YC(IPT) 

(b)  Description 

XC  =  X-coordinate  of  a  point  describing  the 
structure 

YC  =  Y-coordinate  of  a  point  describing  the 
structure 

(c)  Comment:  Enter  the  structure  points,  starting  witn 
the  lower  left  corner  and  proceeding  clockwise  as 
shown  in  Figure  19. 

(d)  Restriction:  The  base  of  the  structure  must  be  rep¬ 
resented  by  a  single  line.  Therefore,  any  irregu¬ 
larities  in  the  base  of  the  structure  must  be  ap¬ 
proximated  by  a  single  plane  as  shown  in  Figure  20. 

£.  Left-Side  Soil  Description. 

(1)  Keyword  line 

(a)  Content  (one  line  per  layer,  maximum  five  1  avers) 
[LN]  "SOFT"  NET  LPTS  PHIL  COL  GAME  STELE 

51 


\VZ«VV.V 


V  V  V 


‘v'vvv' 
',VvV 
%  v  v  v  ' 


.  '  .A 

• 

/-v’v-'aV 

»  *  «  ■  ft  *  I 

•  vv 

•‘yVy'v 

V  V  V  -s. 


i  •  -  •  » 

MsgS; 

’•  '/  *»*,* 
V  A  ✓.  /. 

,  A/. ”  . 
*»«  V  V 


,*  v  ■ 

•  -  V  •  ■ 


/vV.-s 


9 


GAML  =  saturated  or  moist  unit  weight  >f  the 
layer,  kef 

STELL  =  elevation  of  the  top  of  the  laypr  where  it 
meets  the  concrete  structure,  ft 

(c)  Restrictions 

1.  The  soil  layers  on  the  left  side  of  the  struc¬ 
tural  wedge  always  form  the  active  wedges. 

2.  Figure  21  indicates  valid  and  invalid  entries 
for  the  left-side  soil  layers. 

(2)  Data  line 

(a)  Content  (maximum  of  10  points  per  layer;  enter  for 
each  keyword  line) 

[I.N]  XL(  1 )  YL(  1 )  XL (2)  YL(2)... 

[LN]  ...  XL(LPTS)  YL(LPTS) 

(b)  Description 

XL  =  X-coordinate  of  point  describing  left-side  soil 
layer  "NLT" 

YL  =  Y-coordinate  of  point  describing  left-side  soil 
layer  "NLT" 

(c)  Comment:  The  soil  layers  are  defined  from  top  to 
bottom.  Enter  the  points  describing  each  soil  layer 
from  left  to  right,  excluding  the  point  at  the 
structure  as  shown  in  Figure  22.  Use  as  many  lines 
as  necessary  to  enter  the  coordinate  points;  how¬ 
ever,  do  not  split  a  coordinate  pair  (X,Y)  from  one 
line  to  the  next  line. 

(d)  Note:  The  soil  boundaries  are  automatically  ex¬ 
tended  1,000  ft  to  the  left  of  the  first  coordinate 
entered . 

Right-Side  Soil  Description. 

(1)  Keyword  line 

(a)  Content  (one  line  per  layer,  maximum  five  layers) 
[LN]  "SORT"  NRT  RPTS  PHIR  COR  GAMR  STELR 

(b)  Description 

"SORT"  =  keyword  for  right-side  soil  description 

NRT  =  soil  layer  numbers  (one  to  five;  top  to 
bottom) 

RPTS  =  number  of  points  describing  the  layer. 
Exclude  the  point  at  the  structure. 

PHIR  =  angle  of  interna  1  friction  of  the  layer, 
deg 
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MAXIMUM  OF  FIVE  LAYERS  ABOVE 
LOWER  LEFT  CORNER  OF  STRUCTURE. 
MAXIMUM  OF  TEN  POINTS  PER  LAYER 
HORIZONTAL  OR  IRREGULAR  LAYERS. 


A  LAYER  IS  VALID  AT  I  OWER  LEFT 
CORNER  OF  STRUCTURE  IF 
IT  IS  THE  TOP  LEFT  SIDE  SOIL  LAYER 


a.  Valid  entries 


Figure  21.  Left-side  soil  layer 
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LAVERS  AT  OR  BELOW  THE  LOWER 
LEFT  CORNER  OF  THE  STRUCTURE 
BASE  ARE  NOT  ALLOWED. 


LAVERS  MAY  NOT 
INTERSECT  THE 
STRUCTURE  BASE. 


LAYER  '’OVERLAP"  IS  NOT  ALLOWED. 
EACH  LAYER  MUST  HAVE  UNIQUE 
COORDINATE  POINTS. 


b.  Invalid  entries 


Figure  21.  (Concluded) 
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FOR  SUBSCRIPTS:  (LAYER  NO..  POINT  NO  I 

Figure  22.  Definition  of  left-  and  right-side  soil  layers 

COR  =  cohesion  of  the  layer,  ksf 

GAMR  =  saturated  or  moist  unit  weight  of  the 
layer,  kef 

STELR  =  elevation  of  the  top  of  the  layer  where  it 
meets  the  structure,  ft 

(c)  Restrictions 

J_.  The  soil  layers  on  the  right  side  of  the  struc¬ 
tural  wedge  a Iways  form  the  passive  wedges. 

2.  Figure  23  indicates  valid  and  invalid  entries 
for  the  right-side  soil  layers. 

(2)  Data  line 

(a)  Content  (maximum  of  10  points  per  layer;  enter  for 
each  keyword  line) 

[LN]  XR ( 1 )  YR ( 1 )  XR ( 2 )  YK(2)... 

[LN]  ...  XR(RPTS)  YR(RPTS) 

(b)  Description 

XR  =  X-coord  inate  of  point  describing  right-side 
soil  laver  "NRT" 

YR  =  Y-coordinate  of  point  describing  right  ride 
soil  laver  "NRT" 
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(c)  Comment:  The  soil  layers  are  defined  from  top  to 
bottom.  Enter  the  points  describing  each  soil  layer 
from  left  to  right,  excluding  the  point  at  the 
structure  as  shown  in  Figure  22.  Use  as  many  lines 
as  necessary  to  enter  the  coordinate  points;  how¬ 
ever,  do  not  split  a  coordinate  pair  (X,Y)  from  one 
line  to  the  next  line. 

(d)  Note:  The  soil  boundaries  are  automatically  ex¬ 
tended  1,000  ft  to  the  right  of  the  last  coordinate 
entered . 

127.  After  the  four  initial  sections  of  required  data  have  been  entered 
in  order,  the  remaining  required  sections  may  be  entered  in  any  order.  These 
remaining  sections  are  described  in  the  following  paragraphs, 
a.  Soil  Below  the  Structure. 


(1) 

Content  (one 

line) 

[LN]  "SOST" 

PHIC  CCS 

(2) 

Description 

"SOST"  =  keyword  for  the  description  of  the  material 

properties  at  the  interface  of  the  base  of  the 
structural  wedge  and  the  soil  below  the  struc¬ 
tural  wedge. 

PHIC  =  angle  of  internal  friction  or  angle  of  base 
friction,  deg 

CCS  =  cohesion  or  adhesion,  ksf 

(3)  Restriction:  When  more  than  one  type  of  soil  comes  into 
contact  with  the  base,  PHIC  and  CCS  should  be  represented 
as  an  average  or  equivalent  value. 

(4)  Note:  If  the  base  of  the  structure  is  part  of  the  fail¬ 
ure  surface,  an  angle  of  base  friction  and  an  adhesion 
value  would  be  used.  If  the  failure  surface  passes  below 
the  base  of  the  structure,  the  material  properties  of  the 
soil,  an  angle  of  internal  friction,  and  a  cohesion  value 
would  be  used. 

b .  Method  of  Analysis. 

(1)  Content  (one  line) 

[I.N]  "METH"  MEAN 

(2)  Description 

"METH"  =  keyword  for  the  type  of  layer  analysis  to  be 
used 

MEAN  =  1  for  single-plane  analysis 
=  2  for  multi-plane  analysis 


Comment:  In  Method  1  analysis,  failure  angles  are  calcu¬ 

lated  to  0.001  ±  0.0005  deg.  In  Method  2  analysis,  fail¬ 
ure  angles  are  calculated  to  0.1  ±  0.05  deg,  to  decrease 
the  number  of  calculations  in  this  method.  An  example  of 
each  method  is  shown  in  Figure  24. 
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b.  Multiple-plane  failure  analysis 

Figure  24.  Failure  analyses 

Water  Description. 

(1)  Keyword  line 

(a)  Content  (one  line) 

[LN]  "WATR"  WLL  WLR  GAMW  [S]  [ UC ] 

(b)  Description 

"WATR"  =  keyword  for  water  description 
Wl.I.  -  left-^ide  water  elevation,  ft 


w  y*  ^•y~wyrmyrywy^wy^^rwljn,y^, 
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=  right-side  water  elevation,  ft 
=  unit  weight  of  water,  kef 
=  seepage  option 

=  -1  for  1 ine-of-creep  method  (calcuiated 
along  the  shortest  seepage  path) 

=  0  for  hydrostatic  pressures  to  he  computed 

=  1  for  pressures  to  be  entered  hv  the  user 

=  uplift  force  normal  to  the  base  of  the 
structural  wedge,  kips 


(c)  Note 


_1.  If  a  value  for  S  is  not  entered,  the  line-of- 
creep  method  is  used  to  compute  seepage  pres¬ 
sures.  If  the  water  pressures  are  hydrostatic, 
pressures  are  computed  for  hydrostatic 
conditions . 

2.  The  water  elevation  may  be  higher  on  either 
side.  WLL  may  be  greater  than  WI.R  or  vice 
versa . 

2-  If  option  S  =  1  is  selected,  the  pressures  en¬ 
tered  for  a  wedge  will  he  applied  only  to  the 
submerged  length  of  the  wedge.  The  water  eleva¬ 
tions  are  used  to  calculate  the  submerged  length 
of  each  wedge.  Therefore,  it  is  important  to 
input  the  correct  water  elevations  when  using 
this  option. 

(d)  Restriction:  If  UC  is  to  be  entered,  S  must  also  be 
entered.  If  a  value  for  UC  is  not  entered,  the  up¬ 
lift  force  on  the  structure  is  computed  by  the  same 
method  used  for  the  wedges. 

(2)  Water  pressures  on  wedges  (entered  only  if  S  =  1) 

(a)  Data  line  1 — Pressures  on  left-side  wedges 
J_.  Content  (2  to  10  values) 

[LN]  PRESTP ( 1 )  PRESBP ( 1 ) 

[LN]  PRESTP (2)  PRESBP (2)  ... 

[LN 1  ...  PRESTP (NULAY)  PRESBP (NUT. AY) 

2_.  Description 

PRESTP  =  pressure  at  the  top  of  a  left-side 
wedge,  ksf 


PRESBP  =  pressure  at  the 
wedge,  ksf 
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3.  Note:  Pressure  is  distributed  linearly  between 
the  points  entered.  The  horizontal  distance  is 
alwavs  used  to  locate  a  pressure.  The  program 
automatically  calculates  the  sloped  distance  be¬ 
tween  pressure  values  when  the  base  of  the 
structure  is  inclined  to  the  horizontal.  An  ex¬ 
ample  of  how  to  enter  the  pressure  values  is 
shown  in  Figure  26. 


Data  line  4 — Pressures  under  right-side  wredge 
1.  Content  (2  to  10  values) 

[I,N]  PRESTP  ( 1 )  PRKSBP (  1  ) 

( LN ]  PRESTP (?)  PRESBP (2) . . . 
f  LN  1  .  .  .PRESTP  (NM.AY)  PRESBP  (NDI.AY) 


2 .  Rescript  ion 

PRESTP  =  pressure  at  the  top  of  a  right-side 
wedge,  ksl 


PRESBP  =  pressure  at  the  bottom  of  right-side 
wedge,  ksf 

NDLAY  =  number  of  right-side  layers 

Comment:  List  pressures  for  all  the  right-side 
wedges  from  the  top  (highest)  elevation  to  the 
bottom  (lowest)  elevation  of  each  wedge.  Pres¬ 
sure  is  distributed  linearly  between  entered 
points.  An  example  is  shown  in  Figure  27. 
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Figure  27.  Input  pressure  on  right-side  wedges 

d .  Termination  of  Data  input. 

(1)  Content  (one  line) 

[LN]  "END" 

(2)  Description 

"END"  =  keyword  to  end  data  entry 
Optional  data  description 

128.  An  explanation  of  the  optional  data  sections  is  provided  below, 
a .  Wedge  Angle  Specification. 

(1)  Content  (one  line  per  wedge  angle  specified) 

[LN  1  "WEDG"  IWEDCF.  FANG 

(2)  Description 

"WEDG"  =  keyword  for  wedge  angles  to  be  specified 

TWF.DGE  =  number  of  the  wedge  to  have  an  angle  specified 
( Figure  28  shows  the  numbering  .sequence  of  t  he 
wedges) 
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Figure  28.  Numbering  of  wedges 

FANG  =  failure  angle  (clockwise  from  horizontal  is 

negative;  counterclockwise  from  horizontal  is 
positive) 

(3)  Restrictions 

(a)  Values  of  the  input  angle  for  left-side  and  right- 
side  wedges  may  range  from  -85.0  to  +85,0  deg, 
inclusive . 

(b)  The  line  defined  by  the  rotation  of  the  angle  should 
not  extend  into  the  interior  of  the  structure. 

(c)  If  the  single-plane  analysis  (Method  1,  para¬ 
graph  87,  Figure  17)  is  used  for  a  multiple-layer 
problem,  an  angle  set  for  any  wedge  (left  or  right) 
will  cause  all  the  angles  on  that  side  to  be  set  to 
the  input  angle, 

(d)  An  input  wedge  angle  must  allow  the  plane  formed  by 
the  base  of  the  wedge  to  intersect  the  soil  layer  in 
which  the  wedge  is  contained. 

(4)  Editing:  To  erase  any  input  wedge  angle,  enter 

FANG  =  -999. 

(5)  Note 

(a)  The  geometry  of  the  structural  wedge  is  altered  when 
an  angle  is  input  for  the  structural  wedge.  The 
bottom  corner  point  of  the  structural  wedge  opposite 
the  input  angle  Is  moved  down  to  a  new  elevation  at 
the  same  X-coord i nat e .  Figure  29  illustrates  how 
the  structural  wedge  geometry  is  altered  as  a  result 
of  an  input  angle.  This  point  is  the  intersection 
of  the  line  defined  by  the  input  angle  with  the 


Figure  29.  Structural 


X-coordinate  boundary  of  the  structure  as  shown  in 
1  Figure  29.  The  point  of  rotation  for  the  input 

.  angle  is  always  the  corner  of  the  structure  with  the 

'  lowest  elevation.  If  the  base  of  the  structure  is 

,  level,  the  input  angle  is  rotated  about  the  left 

'  corner  of  the  structure. 

|  (b)  The  plane  defined  by  the  input  angle  is  the  new 

■  plane  of  sliding.  The  soil  beneath  the  structure  is 

.  assumed  to  be  an  added  vertical  load. 

■  (c)  The  weight  of  the  soil  below  the  structure  is  calcu- 

(  lated  using  the  unit  weight  of  the  lowest  soil  layer 

!  which  is  opposite  the  side  of  the  structure  on  which 

;  the  input  angle  is  applied  (see  Figure  29). 


(3)  Note:  The  horizontal  seismic  acceleration  coefficient 

can  be  obtained  from  Table  1  of  ER  1110-2-1806.*  If  in- 


eluded,  the 
taken  as  two 

vertical  acceleration  coefficient  can  be 
thirds  of  the  horizontal  coefficient. 

c.  Factor  of  Safety 

Descr ipt i on . 

(1) 

Content  (one 

1  ine) 

[LN]  "FACT" 

XLOW  UPPER 

[ FACTOR] 

(2) 

Description 

"FACT"  =  keyword  for  FS  specifications 

XLOW  =  lower  limit  of  the  FS 

UPPER  =  upper  limit  of  the  FS 

FACTOR  =  ratio  of  the  passive  FS  to  the 
active  FS  (DEFAULT  -  1.0) 

d .  Vertical  Surcharge  Loads. 

(1)  Point/Line  loads  (maximum  10  loads) 

(a)  Content  (one  line  per  load) 

[I.N]  "VPLO"  XPLO  PLO 

(b)  Description 

"VPLO"  =  keyword  for  vertical  line  load 
XPLO  =  X-coordinate  of  the  load,  ft 
PLO  =  magnitude  of  the  load,  kips 

(c)  Note:  If  the  load  lies  directly  on  the  vertical 
boundary  line  which  separates  adjacent  wedges,  the 
load  is  included  in  the  calculations  of  the  wedge  to 
the  right.  Figure  30  shows  an  example  of  a  line 

1  oad  . 

(2)  Strip  loads.  Figure  31  (maximum  10  loads) 

(a)  Content  (one  line  per  load) 

[LN]  "VSLO"  XI.  WS  SMAG 

(b)  Description 

"VSLO"  =  keyword  for  a  strip  load 

XL  =  X-coordinate  of  the  left  end  of  the  strip, 

ft 

WS  =  width  of  the  strip,  ft 

SMAG  magnitude  of  the  load,  k/ft 


Headquarters,  Department  of  the  Armv.  1D83  (May).  "Earthquake  Design  and 
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(3)  Triangular  loads.  Figure  32  (maximum  10  loads) 

(a)  Content  (one  line  per  load) 

[  LN ]  "VTI.O"  XT!  WTI  WDI.  (>MA.V 

(b )  Description 

"VTLO"  =  keyword  for  vertical  triangular  load 

XTI.  =  X-coord  inate  of  the  left  end  of  the  load, 
ft 

WTI.  =  width  from  left  end  to  the  maximum  load,  ft 

WDI.  =  width  from  maximum  load  to  right  end,  ft 

QMAX  =  maximum  load,  k/ft 

(4)  Ramp  loads.  Figure  51  (maximum  10  loads) 

(a)  Content  (one  line  per  load) 

[LN]  "  VRI.O"  XRI.  WR  QKAM 

QMAX 
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Figure  }.« .  :'r.  i  f  orm  1  ends 

VI  ere  nil  vortical  loads 
in)  Content  tone  line) 

|  I.N  |  "NVI.n" 

(h)  De it r i pt i on 

"NVI.O"  =  keyword  command  to  cancel  ,,’1  vertical  sur 
charge  !  'ids  current  1 v  in  t  he  input  data 
and  to  reinitialise  all  these  values  to 
zcr  > 


■word  command  is  used  to  enter  or 
is  added,  to  those  already  existing 
is  the  vertical  Uniterm  load  which 
value  ei'teied  1  r  a  particular 
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(b)  Description 

"HOLO"  =  keyword  for  a  horizontal  load 

WEDN  =  number  of  the  wedge  on  which  the  load  is 
applied  (refer  to  Figure  28) 

HLOAD  =  magnitude  of  the  load 

(c)  Co..unent:  The  command  may  be  repeated  as  often  as 
necessary  for  each  horizontal  load  on  the  same  wedge 
and/or  on  different  wedges  (see  Figure  35). 
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Figure  35.  Horizontal  loads 

(2)  Delete  all  horizontal  loads 
fa)  Content  (one  line) 

[  I.N  1  "NHI.O" 

(b)  Description 

"Sin .0"  =  keyword  command  to  cancel  all  ho: 

loads  on  all  the  wedges  that  are 
the  current  input  data  (tin  ir  vo 
re  i  n  i  t  i  a  1 i red  t  o  zero ) 

(  1)  Vote:  r.ich  time  the  prompting  sequence  is  u<< 
or  edit  loads,  all  loading  conditions  are  init 
zero.  Faih  t i no  a  kevwnrd  command  is  used  to  , 
edit  a  load,  the  load  is  added  to  those  >  •.  :  s  t  :• 
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g.  Rerun  Program  with  Altered  Data  from  Within  the  File. 

(1)  Contents  (one  line) 

[in]  "rf.rf" 

(2)  Description 

"HERE"  =  keyword  command  allowing  the  user  to  modify  the 
current  data  file  and  rerun  the  problem 

(3)  Res  t  r i c  t i ons 

(a)  This  command  can  only  be  used  in  a  data  file  follow¬ 
ing  the  "END"  command  of  a  set  of  data.  Tt  is  not 
entered  from  the  terminal. 

(b)  It  "RKRC"  is  used  in  a  file,  it  must  he  followed  by 
data  in  the  file.  Data  to  be  modified  is  typed  in 
the  data  file  format  described  in  paragraphs  119 
and  HI. 

(c)  "END"  is  a  required  keyword  ending  the  list  of  data 
being  modified. 

h.  New  Problem  Entered  from  Within  a  Data  File. 

(1)  Contents  (one  lino) 

[i  N]  "NEW" 

( 2 )  Descr i  pt  i on 

"NEW"  =  keyword  command  allowing  the  user  to  enter  a  new 
problem  from  a  prepared  data  file  (all  current 
data  is  erased  with  this  command) 

(3)  Restrictions 

(a)  This  command  can  only  he  used  in  a  data  file.  It 
follows  the  "FND"  command  of  a  set  of  data.  It  is 
not  entered  from  the  terminal. 

( b  >  If  "NEW"  is  entered,  data  must  follow  it  in  the  data 
fill-  format  described  in  paragraphs  lid  and  132. 

All  required  data  items  listed  in  paragraph  121  must 
be  entered. 


Dpt i unn 1  Methods  and  Fxamples  of  Data  Entry 

Data  entry  from  the  terminal 
using  a  prompting  sequence 

129.  This  option  was  f;  tr educed  i;  paragraph  117.  As  previously 
stated,  this  method  queries  t  h.  user  f  oi  informal  ion  or.  all  aspects  of  the 
problem,  including  required  -lot  i  a  oil  as  opt  inr.nl  data.  The  following  set 
of  questions,  shown  as  Figure  ,  c.-mpr  i  es  the  prompting  sequence  (user  re¬ 
sponses  are  underlined  . 


IS  INPUT  FROM  TERMINAL  OR  FILE? 
ENTER  *T’  OR  "F*. 

?  T 


DO  VOU  UANT  TO  USE  A  PROMPTING  SEQUENCE? 
ENTER  *V  OR  *N*. 

?  V 

ENTER  NUMBER  OF  HEADING  LINES  (1  TO  4) 

7  1 

ENTER  1  HEADER  LINES 

(1  TO  70  CHARACTERS  PER  LINE) 


?  LOCK  &  DAM  #2 

STRUCTURE  DESCRIPTION.  ENTER  THE  FOLLOUING  DAT 0 

NUMBER  OF  XV-COORD.  UNIT  UEIGHT 

DEFINING  STRUCTURE  OF  CONCRETE 

(3  TO  20  )  ( KCF  ) 


9  0.440 


ENTER  9  XV-COORD.  TO  DEFINE  THE  STRUCTURE 
(START  UITH  THE  POINT  AT  THE  LOUER  LEFT-HAND 
CORNER,  AND  THEN  CONTINUE  CLOCtCUISE. 

MAX  OF  5  COORD  PAIRS  PER  LINE  ) 


7  _T  ?2  •  5  628 . 1  -  22 .5  692.6  -JJ7.5  692.6  -17.5  712.8 
?_-9  712.8  0  69 4.1  18.5  694 .1  22.5  667  22.5  628 . 1 

ENTER  THE  PERCENTAGE  OF  THE  BASE  OF  THE  STRUCTURE 
THAT  IS  IN  COMPRESSION.  (A  DECIMAL  NUMBER) 

?  1^.0 

DO  YOU  UANT  TO  ENTER  ELEUAT ION  OF  THE 
INTERSECTION  OF  THE  LEFT  SIDE  FAILURE 
ANGLE  AT  STRUCTURE  CV'  OR  ■N’) 

?  ,N_ 

LEFT  SIDE  SOIL  DESCRIPTION. 

ENTER  NUMBER  OF  SOIL  LAVERS  (1  TO  5) 

?  2 


ENTER  SOIL  LAVER  DATA  UNDER  HEADING.  (ONE  LINE  PER  LAVER) 


SOIL 

NUMBER 


INTERNAL 
FRICTION 
ANGLE ( DEG ) 


COHESION 
( KSF  ) 


SATURATED  ELEUATION 
UNIT  UEIGHT  AT 

(  KCF  )  STRUCTURE 


?  1 


30 


0. 125 


669.1 


?  2 


27 


0 


0. 110 


630.8 


ENTER  NUMBER  OF  POINTS  THAT  DESCRIBE 
LAYER  1 
?  2 


ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAYER 
FROM  LEFT  TO  RIGHT 
?  -500  660  -38  660 


ENTER  NUMBER  OF  POINTS  THAT  DESCRIBE 
LAYER  2 

?  1 


ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAYER 
FROM  LEFT  TO  RIGHT 
?  -500  630.8 


SOIL  BELOU  STRUCTURE 
ENTER  DATA  UNDER  HEADINGS. 


FRICTION 
ANGLE (DEG ) 


COHESION 
( KSF  ) 


27 


RIGHT  SIDE  SOIL  DESCRIPTION. 


ENTER  NUMBER  OF  SOIL  LAYERS  (1  TO  5) 
?  2 


ENTER  SOIL  LAYER  DATA  UNDER  HEADING.  (ONE  LINE  PER  LAYER) 


SOIL 

NUMBER 


INTERNAL 

FRICTION  COHESION 
ANGLE ( DEG )  (KSF) 


SATURATED  ELEUATION 
UNIT  UEIGHT  AT 

(KCF)  STRUCTURE 


?  1 


30 


0.125 


?  2 


27 


0 


0.110 


666.1 


630.8 


ENTER  NUMBER  OF  POINTS  THAT  DESCRIBE 
LAYER  1 
?  5 


ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAYER 
FROM  LEFT  TO  RIGHT 

?  52.5  666^1  66  660  93  655  133  640  S00  640 


Figure  36.  (Sheet  2  of  3) 
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ENTER  NUMBER  OF  POINTS  THAT  DESCRIBE 
LAVER  2 
*?  1 

ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAVER 
FROM  LEFT  TO  RIGHT 
?  500  630.8 

UATER  DATA.  ENTER  UALUES  UNDER  HEADING 

LEFT  SIDE  RIGHT  SIDE  UNIT  SEEPAGE  OPTION 

ELEVATION  ELEVATION  UEIGHT  -1  -  LINE  OF  CREEP 

(FT)  (FT)  ( KCF  )  0  -  HYDROSTATIC 

1  ■  INPUT  PRESSURES 


?  687.2 _ 675 _ 0.0625 _ -1_ 

IS  UPLIFT  FORCE  AT  THE  BASE  OF  THE  STRUCTURE 
TO  BE  SPECIFIED?  (ENTER  'V'  OR  'N') 

?  V 

ENTER  UPLIFT  FORCE  AT  THE  BASE  OF  THE 
STRUCTURE  (KIPS/FT) 

?  667.5 

ARE  ANV  UEDGE  FAILURE  ANGLES  TO  BE  SPECIFIED*? 

(ENTER  '  Y'  OR  'N '  ) 

?  N 

ARE  ANV  LOADS  TO  BE  SPECIFIED? 

ENTER  *V  OR  *N* 

?  N 

ENTER  METHOD  OF  ANALYSIS  TO  BE  USED 

1  FOR  SINGLE  PLANE  ANALYSIS 

2  FOR  MULTI  PLANE  ANALYSIS 

*?  2 

DO  YOU  UANT  TO  ENTER  INITIAL  ESTIMATES  OF  THE  FACTOR  OF  SAFETY*? 
(ENTER  ' Y *  OR  'N'  ) 

? 

DO  YOU  UANT  TO  ENTER  THE  RATIO  OF  THE 
PASSIVE  FACTOR  OF  SAFETY  TO  THE  ACTIVE 
FACTOR  OF  SAFETY,  FSP/FSA? 

ENTER  ' Y '  OR  ' N ' 

?  JN_ 

INPUT  COMPLETE,  DO  YOU  UANT  TO  EDIT  DATA? 

ENTER  ' Y '  OR  ' N  * 

? 


su 


v, 

A 


Keyword  data  entn 


130.  This  option  was  discussed  in  paragraph  118.  An  example  of 
terminal  input  using  command  words  is  shown  in  Figure  37  (user  responses  are 
underlined) . 


IS  INPUT  FROM  TERMINAL  OR  FILE? 

ENTER  * T *  OR  *F*. 

?_T _ 

DO  YOU  WANT  TO  USE  A  PROMPTING  SEQUENCE? 
ENTER  * V *  OR  *N*. 


ENTER  KEYUORD.  TYPE  'END*  TO  EXIT,  ‘LIST* 

TO  LIST  KEYUORDS 
?  TITL  LOCK  &  DAM  tS 

NEXT? 

7  STRU  9  0.44 

ENTER  XY  COORD.  TO  DEFINE  THE  STRUCTURE 
(START  AT  LOUER  LEFT-HAND  CORNER  AND 
PROCEED  CLOCKUISE) 

?  -ga.5  6^3.1  -22.5  692.6  -17.5  692.6  -17.5  713.8 

?  -9  712.8  0  694.1  18.5  694^1 _ 25.5  667  52.5  658.1 


■>.v 

"  '/V  V  v"' 

*>./. y.v, 

■*.  y.y>.y. 

-'.y./.y.y 


-  .  ■  o  AAl 

*  *  *  *  e  .  .  .  i 


/.y ^ 


•  *  *  . »  •  »  *  *  • 

*  V  '/  V  v 

>>:vvv» 

»*■..  V  v'v  "i 

...  « 

AVS.  .ts'o 

•  i 


Figure  37.  Terminal  input  using  command  words  (Continued) 


mm 

MM 

V.fej 

■'•/vWj 

\  >.  «\  ■",  -v 

iy 

«■ 


>?v'.V.V.\Oa 


NEXT? 

?  SOLT  1  2  3M  0.125  669.1 

ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAVER 
FROM  LEFT  TO  RIGHT 
?  -500  660  -38  660 

NEXT? 

?  solt  a  i  57  e  e.n  63e.s 

ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAVER 
FROM  LEFT  TO  RIGHT 
?  -see  630.8 

NEXT? 

?  SORT  1  S  30  0  0.155  666.1 

ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAVER 
FROM  LEFT  TO  RIGHT 

?  52.5  666.1  66  660  93  6S5  133  640  500  640 

NEXT? 

?  SORT  5  1  27  0  0.11  630.8 

ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAYER 
FROfl  LEFT  TO  RIGHT 
?  500  636-8 

NEXT? 

?  SOST  37  0 
NEXT? 

?  UATR  687.2  675  0.0655  -1  667.5 

NEXT? 

?  METH  3 

NEXT? 

?  END 

INPUT  COMPLETE,  DO  YOU  WANT  TO  EDIT  DATA? 
ENTER  'Y'  OR  'N' 

? 


131.  This  option  was  discussed  in  paragraph  119.  An  example  of  a  data 
file  and  an  example  of  the  sequence  of  questions  to  enter  data  from  a  file  are 
shown  in  Figures  38  and  39. 


00100  TITL  LOCK  &  DAM  *2  ("TITL"  TITLE) 

00110  SOLT  1  2  30  0  .125  669.1  ("SOLT"  NLT  LPTS  PHIL  COL) 

00120  -500  660  -38  660  (XL(1)  YL(1)  XL (2)  YL(2)) 

00130  SOLT  2  1  27  0  .11  630.8  ("SOLT"  NLT  LFTS  PHIL  COL  CAML  STELL) 

00140  -500  630.8  (XL(1)  YL(1)) 

00150  STRU  9  .44  ("STRU"  IPT  GAMC) 

00160  -22.5  628.1  -22.5  692.6  -17.5  692.6  (XC (1 )  YC(1)  XC(2)  YC(2)) 

00170  -17.5  712.8  -9  712.8  0  694.1  (XC(4)  YC (4)  .  .  . XC (6)  YC(6))  (XC(3)  YC(3)) 
00180  18.5  694.1  22.5  667  22.5  628.1  (XC(7)  YC (7)  .  .  . XC (9)  YC(9)) 

00190  SOST  27  0  ("SOST"  PHIC  CCS) 

00200  SORT  1  5  30  0  .125  666.1  ("SORT"  NRT  RPTS  PHIR  COR  GAMR  STELR) 

00210  52.5  666.1  66  660  93  655  133  640  500  640  (XR(1)  YR(1) .  .  .XR(5)  YR(5)) 
00220  SORT  2  1  27  0  .11  630.8  ("SORT"  NRT  RPTS  PHIR  COR  GAMR  STELR) 

00230  500  630.8  (XR(1)  YR(1)) 

00240  METH  2  ("METH"  MEAN) 

00250  UATR  687.2  675  .0625  -1  667.5  ("WATR"  WLL  WLR  GAMW  (S)  (UC) 

00350  END  ("END") 

/ 


Figure  38.  Example  of  a  data  file 


IS  INPUT  FROM  TERMINAL  OR  FILE? 
ENTER  ■T*  OR  *F*. 

?  F 


ENTER  DATA  FILE  NAME  (MAXIMUM  7  CHARACTERS) 
?  LD2 

INPUT  COMPLETE,  DO  YOU  UANT  TO  EDIT  DATA? 
ENTER  ' Y '  OR  ' N ' 

? 


Figure  39.  Example  of  how  to  enter  a  data  file 


Editing  Inpat  Data 


132.  All  input  data  entered  from  the  terminal  or  from  a  file  may  be 
edited  by  the  user  before  and  after  the  solution  of  the  problem.  Data  is 
edited  by  sections  of  input  (paragraph  120);  therefore  all  information  asso¬ 
ciated  with  a  section  must  be  reentered,  even  if  some  data  items  are  not  to  be 
changed.  The  variables  of  all  the  other  sections  retain  the  input  values  last 
entered.  If  an  optional  data  item  has  been  entered,  its  value  is  also  re¬ 
tained  until  the  user  cancels  or  changes  the  value. 

133.  Prior  to  solution,  data  may  be  changed  as  often  as  desired  until 
the  user  is  satisfied  with  the  input.  The  last  values  entered  are  the  ones 


used  in  the  solution. 


134.  There  are  two  methods  for  editing  the  input  data  from  the  termi¬ 
nal.  These  correspond  to  the  two  methods  of  data  entry  from  the  terminal 
(prompting  sequence  and  command  words,  paragraphs  117  and  118). 

135.  Input  data  may  also  be  edited  from  within  a  data  file.  This 
method  is  the  same  as  entering  data  from  a  data  file  as  described  in 
paragraph  119. 


Keyword  commands  method 


136.  To  use  this  method,  the  user  types  the  keyword  for  the  section  to 
be  changed  along  with  all  associated  data.  The  lines  are  typed  in  the  format 
shown  in  the  "input  Description"  (paragraph  125).  Line  numbers  are  not  used 
when  editing  during  program  execution. 

137.  The  keyword  commands  method  is  quicker  and  more  flexible  than  the 


prompting  sequence  and  is  recommended  for  the  more  experienced  user.  An 
example  is  shown  in  Figure  40. 
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138.  Editing  by  sections  requires  the  user  to  answer  questions  about 
the  section  being  edited.  This  method  is  generally  more  time  consuming  than 
editing  by  keywords  and  is  recommended  for  the  inexperienced  user.  An  example 
is  shown  in  Figure  41. 


INPUT  COMPLETE,  DO  VOU  WANT  TO  EDIT  DATA'? 
ENTER  ' Y'  OR  ' N ' 

?  _Y_ 

DO  YOU  UANT  TO  EDIT  USING  KEYUORDS 
OR  SECTIONS  ?  (ENTER  *K"  OR  ’S’) 

?  S 

INPUT  IS  DIVIDED  INTO  THE  FOLLOWING  SECTIONS J 


SECTION  ID 


SECTION  CONTENTS 


A  HEADING 

B  STRUCTURE  DESCRIPTION 

C  LEFT  SIDE  SOIL  DESCRIPTION 

D  SOIL  BELOU  STRUCTURE 

E  RIGHT  SIDE  SOIL  DESCRIPTION 

F  WATER  DESCRIPTION 

G  WEDGE  ANGLES  SPECIFIED 

H  SURCHARGE  AND  HORIZONTAL  LOADS 

I  TYPE  OF  ANALYSIS  AND  SAFETY  FACTOR 

ENTER  SECTION  ID  FOR  DATA  TO  BE  CHANGED. 

?  H 

ARE  ANY  LOADS  TO  BE  SPECIFIED? 

ENTER  • Y*  OR  *N* 

?  V 

ENTER  A  NEGATIVE  NO.  TO  KEEP  EXISTING  DATA. 

ENTtR  A  ZERO  (0)  TO  DELETE  A  LOAD. 

POSITIVE  VERTICAL  LOADS  ARE  ASSUMED  TO  ACT 

DOWNWARD.  POSITIVE  HORIZONTAL  LOADS  ARE 

ASSUMED  TO  ACT  TO  THE  RIGHT. 

ENTER  NUMBER  OF  VERTICAL  POINT  LOADS 
7  2 

ENTER  X-COORD  AND  MAGNITUDE  OF  LOAD 
?  -50.4  55. E 


Figure  41.  Example  of  editing  hv  sections  (Continued) 


ENTER  X-COORD  AND  MAGN 1 TuDE  OF  LOAD 
?  -10.4  556.8 

ENTER  NUMBER  OF  STRIP  LOADS 
ENTER  NO.  OF  TRIANGULAR  LOADS 

? 

ENTER  NUMBER  OF  RAMP  LOADS 

?  e 

UNIFORM  LOAD  LEFT  SIDE 
?_0_ 

UNIFORM  LOAD  RIGHT  SIDE 
7  0 

ENTER  NUMBER  OF  HORIZONTAL  LOADS 
?  _1_ 

ENTER:  UEDGE  NUMBER  LOAD 

7  _____ _ 3 _ 6.05 

ENTER  UERTICAL  AND  HORIZONTAL  SEISMIC 
ACCELERATIONS  (G) 

7  0  0 

ENTER  NEXT  SECTION  ID  FOR  DATA  TO  BE  CHANGED 
(TVPE  'LIST'  FOR  A  LIST  OF  SECTIONS) 

(TYPE  'END'  WHEN  EDITING  IS  COMPLETED) 

7  G 

ARE  ANY  UEDGE  FAILURE  ANGLES  TO  BE  SPECIFIED? 

(ENTER  ' Y'  OR  'N' ) 

7  V 

UEDGES  ARE  NUMBERED  STARTING  FROM  THE  LEFT  TO  RIGHT 
FOR  THIS  PROBLEM,  THE  FIRST  2  UEDGES  ARE  LEFT  OF 
THE  STRUCTURE,  THE  3TH  IS  BELOU  THE  STRUCTURE,  AND 
THE  LAST  2  ARE  RIGHT  OF  THE  STRUCTURE 

ENTER  THE  NUMBER  OF  UEDGES  THAT  ARE  TO  HAUE 
FAILURE  ANGLES  SPECIFIED. 

7  4 

ENTER  4  LINES  OF  DATA  UNDER  HEADING. 

UEDGE  FAILURE  ANGLE 

NUMBER  COUNTER -CLOCKU I SE 

IS  POSITIUE  (DEG) 


ENTER  NEXT  SECTION  ID  FOR  DATA  TO  BE  CHANGED 
(TYPE  'LIST'  FOR  A  LIST  OF  SECTIONS) 

(TYPE  'END'  UHEN  EDITING  IS  COMPLETED) 

7  _END 

Figure  41.  (Concluded) 
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139.  Another  method  of  editing  data  is  available  only  when  a  data  file 
is  used  as  the  method  of  entering  data  into  the  program.  The  editing  is  set 
up  within  the  prepared  data  file,  prior  to  entering  the  file  into  the  program 

140.  Two  optional  keyword  commands  comprise  this  method  of  editing. 
They  are  "RERU"  and  "NEW".  The  "RERU"  command  allows  the  user  to  alter  data 
of  the  previous  run,  and  rerun  the  problem  for  analysis.  The  "NEW"  command 
erases  all  of  the  previously  entered  data  and  allows  a  new  set  of  data  to  be 
entered.  These  commands  can  be  repeated  and/or  combined  as  often  as  the  user 
desires.  Each  is  followed  by  keyword  lines  and  data  lines  as  in  a  data  file. 

141.  These  commands  are  described  in  detail  in  paragraphs  128  £  and  h. 
An  example  of  their  use  follows  in  Figure  42. 


*»v 


Output  Options 

Echoprint  of  input  data 

142.  After  data  have  been  entered  into  the  program  and  after  data  have 
been  edited,  the  user  is  given  the  option  to  have  the  current  set  of  input 
data  printed  at  the  terminal,  tc  a  file,  or  to  both  the  terminal  and  a  file. 
The  echoprint  is  a  repeat  of  the  information  entered  by  the  user  in  the  format 
shown  in  Figure  43. 


PROGRAM  CSLIDE  -  ECHOPRINT 


DATE  *  86/06/25 . 


LOCK  &  DAM  tS 


TIME:  14.40.57. 


MULTI  FAILURE  PLANE  ANALYSIS 

SEEPAGE  FORCE  BY  LINE  OF  CREEP,  GRADIENT 
COMPUTED  USING  SHORTEST  SEEPAGE  PATH  . 


NO  OF  CORNERS  IN  STRUCTURE  — 

DENSITY  OF  CONCRETE  - 

DENSITY  OF  UATER  - 

UATER  LEUEL  LEFT  SIDE  - 

UATER  LEUEL  RIGHT  SIDE  - 

NO.  OF  SOIL  LAYERS  LEFT  SIDE  - 
NO.  OF  SOIL  LAYERS  RIGHT  SIDE 


.4400 ( KCF  ) 
. 0624 ( KCF  ) 
687. 20 ( FT  ) 
675 . 00 ( FT ) 

2 

2 


UPLIFT  FORCE  AT  BASE  OF  STRUCTURE  -  667.500  (KIPS) 


STRUCTURE  INFORMATION 


Figure  43.  Echoprint  of  current  set  of  input  data  (Sheet  !  oi  4) 
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POINT 


X-COORD 


V-COORD 


1 

-22-50 

628.10 

2 

-22.50 

692.60 

3 

-17.50 

692.60 

4 

-17.50 

712.80 

5 

-9.00 

712.80 

6 

.00 

694.10 

7 

18.50 

694.10 

8 

22.50 

667.00 

9 

22.50 

628.10 

LEFTSIDE 

SOIL  DATA 

FRICTION 

UNIT 

ELEU  AT 

L  AVER 

ANGLE 

COHESION 

HEIGHT 

STRUCTURE 

NO. 

(DEG) 

(KSF  ) 

( KCF ) 

(FT  ) 

1 

30.00 

.0000 

.125 

669.10 

2 

27.00 

.0000 

.110 

630.80 

LAVER 

POINT 

NO.  1 

POINT 

NO.  2 

NO 

X-COORD 

V-COORD 

X-COORD 

V-COORD 

1 

-500.00 

660.00 

-38.00 

660.00 

2 

-500.00 

630.80 

timm 

tmtm 

SOIL  DATA  BELOU  STRUCTURE 


f RICTION  ANGLE  -  27.00 

COHESION -  .0000 


RIGHTSIDE  SOIL  DATA 


FRICTION 

LAVER  ANGLE 

NO.  (DEG) 


UNIT 

COHESION  UEIGHT 

( KSF )  (KCF) 


1 

30.00 

.0000 

.125 

2 

27.00 

.0000 

.110 

LAYER 

POINT 

NO.  1 

POINT 

NO.  2 

NO 

X-COORD 

V-COORD 

X-COORD 

V-COORD 

1 

52.50 

666.10 

66.00 

660.00 

2 

500.00 

630.80 

tttttttt 

xxxxxxxx 

LAVER 

POINT 

NO.  4 

POINT 

NO.  5 

NO 

X-COORD 

V-COORD 

X-COORD 

Y-COCRD 

1 

133.00 

640 . 00 

500.00 

5  «0  *0 

2 

tttttttt 

tttttttt 

tttttttt 

1 1 1 1 1  i  i  » 

i 


ELEU  AT 
STRUCTURE 
(FT) 


£66.10 

630.80 


POINT  NO.  3 
X-COORD  V-COORD 


93.00  65*-  *0 

ttttttt t  tlllftll 


2/4 


A HUH  334  COMPUTER-AIDED  STRUCTURAL  ENGINEERING  (CASE)  PROJECT 

SLIDING  STABILITY  OF. .  (U>  ARMY  ENGINEER  HATERHAYS 
EXPERIMENT  STATION  VICKSBURG  MS  INFOR. . 

UNCLASSIFIED  H  E  PACE  ET  AL.  OCT  87  NES/TR/ITL-87-5  F/G  12/3 


UEDGE  NO 


ANGLE 


1  -65.00 

a  -65.00 

4  17. ao 

5  17.30 


UERT1CAL  POINT  LOADS 


X-COORDINATE 

(FT) 


MAGNITUDE 

(KIPS) 


-20.40  55.600 

-10.40  226.800 


HORIZONTAL  LOADS 


UEDGE  NO  LOAD 


3  6.050 

DO  YOU  UANT  TO  PLOT  THE  INPUT  DATA. 

? 


ENTER  'V 


Figure  43.  (Sheet  4  of  4) 


143.  After  the  solution  is  complete,  the  user  is  given  the  chance  to 
edit  the  current  data  and  rerun  the  problem.  The  data  may  be  edited  as  dis¬ 
cussed  in  paragraphs  132  through  141. 

Iterations  of  the  solution 

144.  Before  the  computations  for  the  solution  are  printed,  the  user  is 
given  the  option  to  print  all  the  iterations  of  the  solution. 

Plotting  option 

145.  The  user  is  given  the  opportunity  to  have  the  input  data  plotted 
at  the  terminal  before  entering  the  solution  part  of  the  program. 

146.  After  the  solution  is  complete,  the  user  is  given  the  opportunity 
to  have  the  final  results  plotted  at  the  terminal.  Final  results  plotted 
include  the  failure  surface,  each  individual  wedge  with  all  loads  shown,  and 
the  convergence  of  the  solution.  The  plotting  options  are  discussed  in  more 
detail  in  the  following  paragraphs. 


Input  and  Output  Graphics 


Input  graphics 

147.  After  data  have  been  entered  for  a  problem,  the  user  is  given  the 
opportunity  to  plot  the  input  data.  The  question  is  asked: 

DO  YOU  WANT  TO  PLOT  THE  INPUT  DATA?  ENTER  ’Y'  OR  'N' . 

If  the  user  selects  to  plot  the  input  data,  the  screen  is  erased  and  a  list  of 

options  are  printed.  The  options  available  are: 

B — Plot  biggest  possible  picture  of  the  current 
window.  The  plot  is  not  drawn  to  scale. 

A — Provide  an  axis  for  any  subsequent  plots. 

This  command  acts  like  a  toggle  switch; 
enter  'A'  once  to  provide  an  axis,  and 
enter  'A'  again  to  delete  the  axis. 

0 — Provide  an  outline  for  the  current  plotting 
area.  This  command  acts  like  a  toggle  switch. 

I — Read  in  the  boundaries  of  a  desired  window. 

The  window  is  drawn  to  scale. 

P — Pick  a  desired  window  using  the  cross  hairs. 

The  window  is  drawn  to  scale. 


G — Provide  a  grid  if  the  axis  option  is  selected. 


R — Replot  the  current  picture. 

T — Plot  the  total  picture.  This  plot  is  drawn 
to  scale. 

S — Draw  only  the  soil  layers,  structure,  water 
elevations,  and  vertical  and  horizontal  loads. 

C — Continue.  Exit  the  graphics  and  continue 
with  the  solution. 

H — Help.  Provide  an  explanation  of  each  option. 

Q — Quit.  Terminate  program  execution. 

148.  Crosshairs  will  appear  on  the  screen  and  the  user  may  select  any 
option  by  entering  the  letter  associated  with  the  option.  Examples  of  the 
input  graphics  are  shown  in  Figures  44  and  45. 


Output  graphics 

149.  After  the  solution  is  complete,  the  user  is  given  the  opportunity 
to  plot  the  results  of  the  analysis.  The  question  is  asked: 

DO  YOU  WANT  TO  PLOT  RESULTS?  ENTER  'Y*  OR  'N' . 

If  the  user  selects  to  plot  the  results,  the  screen  is  erased  and  a  mem  will 
be  drawn  as  shown  in  Figure  46. 

150.  The  user  may  select  an  option  from  the  menu  by  placing  the  cross¬ 
hairs  inside  the  box  containing  the  described  option  and  entering  any 
character. 

151.  The  user  has  the  option  to  plot  the  failure  surface,  the  individ¬ 
ual  wedges,  the  convergence  of  the  solution,  or  to  continue  with  the  program 
run.  If  the  user  selects  to  plot  the  failure  surface,  the  screen  will  be 
erased  and  a  list  of  options  will  be  printed.  Most  of  the  options  previously 
mentioned  in  paragraph  147  for  plotting  the  input  data  are  available.  The 
option  'C'  will  return  the  user  to  the  results  menu.  There  is  an  additional 


option,  'W',  which  plots  the  water  pressures  on  the  failure  surface. 

152.  Crosshairs  will  appear  on  the  screen  and  an  option  may  be  selected 
by  entering  the  letter  associated  with  the  option.  An  example  of  the  failure 
surface  plot  is  shown  in  Figure  47. 

FS  -  11.329 


Figure  47.  Failure  surface  plot 

153.  If  the  user  selects  to  plot  the  convergence  of  the  solution,  the 
screen  will  be  erased  and  a  list  of  options  will  be  printed.  The  following 
options  are  available: 

B — Draw  both  convergence  diagrams  on  one  page. 

F — Plot  summation  of  net  forces  versus  safety  factor. 

I — Plot  summation  of  net  forces  versus  iteration  number. 

C — Continue.  Return  to  previous  menu. 

Q — Quit.  Terminate  program  execution. 

H — Help.  Provide  an  explanation  of  each  option. 

154.  Crosshairs  will  appear  on  the  screen  and  an  option  may  be  selected 
by  entering  the  letter  associated  with  the  option.  An  example  of  the  con¬ 
vergence  plot  is  shown  in  Figure  48. 
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Figure  48.  Convergence  plot 

155.  If  the  user  selects  to  plot  the  wedges,  the  screen  will  be  erased 
and  another  menu  shown  in  Figure  49  will  be  drawn. 

156.  The  user  has  the  option  to  plot  any  individual  wedge,  plot  all  of 
the  wedges,  return  to  the  output  menu,  or  continue  with  the  program  run. 

157.  If  the  user  selects  to  draw  an  individual  wedge,  th<>  screen  will 
be  erased  and  a  list  of  options  will  be  printed.  Most  of  the  options  pre¬ 
viously  mentioned  in  paragraph  147  for  plotting  the  input  data  are  available. 
The  options  'S'  and  'O'  do  not  apply,  and  the  option  'C'  will  return  the  user 
to  the  wedge  menu. 

158.  Crosshairs  will  appear  on  the  screen  and  an  option  may  be  se¬ 
lected  by  entering  the  letter  associated  with  the  option. 

159.  If  the  user  selects  to  plot  all  of  the  wedges,  the  screen  will  he 
erased  and  the  first  wedge  will  be  drawn. 

160.  The  crosshairs  will  appear  after  the  wpdge  is  drawn.  Any  of  the 
options  mentioned  previously  for  plotting  an  individual  wedge  may  be  selected. 


95 


SELECT  A  UEOGE  BY  PLACING  THE  CROSSHAIRS  IN  THE  BOX 
UITH  THE  CORRESPONDING  NUMBER.  ENTER  ANY  CHARACTER. 


PLOT 

ALL 

UEDGES 


RETURN  TO 
PREVIOUS 
MENU 


CONTINUE 


Figure  49.  Wedge  menu 


When  the  option  'C'  is  chosen,  the  next  wedge  will  be  drawn.  After  the  last 
wedge  is  drawn  the  wedge  menu  will  be  redrawn.  An  example  of  a  wedge  plot  is 
shown  in  Figure  50. 


Output 


161.  Results  of  the  solution  may  be  printed  at  the  terminal,  sent  to  a 
file,  or  both.  The  output  file  may  be  created  at  the  terminal  during 


execution. 


162.  The  output  format  is  shown  in  Figure  51.  Optional  features  or 
special  conditions  for  the  particular  problem  appear  as  necessary. 
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PROGRAM  CSLIDE  -  FINAL  RESULTS 


OATEt  86/06/25.  TINE:  14.49.20 


LOCK  &  DAN  *2 


MULTIPLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


HORIZONTAL  LOADS 

-  VERTICAL 

UEDGE  LEFT  SIDE  RIGHT  SIDE  LOAD 

NUMBER  (KIPS)  (KIPS)  (KIPS) 


1 

2 

3 

4 

5 


11.524 

.852 

16.271 

.000 

.000 


.000 

.000 

2.471 

.000 

13.721 


19.628 

1.451 

282.695 

4.844 

61.266 


UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO. 


TOP  PRESSURE 
(KSF ) 


BOTTOM  PRESSURE 
(KSF  ) 


1  1.679  3.289 

2  3.289  3.436 

UPLIFT  FORCE  ON 
STRUCTURAL  UEDGE 
(KIPS) 


667.500 


Figure  51.  Output  format  (Continued) 


RIGHTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE  BOTTOM  PRESSURE 

(KSF ) 

(KSF) 

4 

2.965 

3.160 

S 

1.422 

2.965 

UEDGE 

FAILURE 

TOTAL 

UEIGHT 

SUBMERGED 

NUMBER 

ANGLE 

LENGTH 

OF  UEDGE 

LENGTH 

(DEG) 

(FT) 

(KIPS) 

(FT) 

1 

-65.0 

32.536 

32.280 

32.536 

2 

-65.0 

2.979 

6.156 

2.979 

3 

.000 

45.000 

1386.616 

45.000 

4 

17.2 

9.131 

39.782 

9.131 

5 

17.2 

72.433 

166.938 

72.433 

UEDGE 

NET 

FORCE 

NUMBER 


ON  UEDGE 
(KIPS) 


1  -118. 274 

2  -16.391 

3  31.258 

4  14.710 

5  88.699 


SUM  OF  FORCES  ON  SYSTEM  -  .001 

FACTOR  OF  SAFETY  -  11.329 


DO  YOU  WANT  TO  PLOT  RESULTS?  ENTER  'V'  OR  'N'. 

? 


UPLIFT 

FORCE 

(KIPS) 


80.822 
10.017 
667. S00 
27.963 
158.874 


Figure  51.  (Concluded) 


Error  Checks  and  Messages 

Errors  in  entered  data 

163.  All  data  entered  from  the  terminal  (prompt  or  keyword)  are  checked 
at  the  time  of  entry  for  errors.*  If  any  errors  occur,  the  user  is  allowed  to 
correct  the  error  and  continue  with  the  program.  Errors  in  data  entered  from 
a  prepared  data  file,  depending  on  the  error,  may  stop  execution  of  the  pro¬ 
gram.  If  execution  is  terminated,  the  user  is  notified  to  check  the  data  file 
and  to  start  CSLIDE  again. 

Errors  in  the  solution  process 

164.  Errors  encountered  during  the  solution  process,  depending  on  the 
error,  may  cause  execution  to  terminate.  An  error  message  is  printed  at  the 
terminal  to  explain  the  problem. 


Input  errors  refer  to  incorrect  keyword  spelling,  missing  required  data, 
incorrect  number  of  data  items  entered,  commas  or  other  illegal  characters, 
missing  blank  spaces  between  data  items,  or  variables  with  values  that  are 
invalid . 


Analysis  of  a  retaining  wall  with  surcharge 
loads.  Details  on  operating  the  program: 
data  entry,  editing,  graphics,  output. 


Page 

A4 


Modeling  of  a  structure  with  an  irregular 
base  and  no  passive  soil  wedge. 

Use  of  earthquake  coefficients  and  inter¬ 
pretation  of  results. 


Control  of  the  elevation  of  the  active 
failure  angle  at  the  structure  for  analysis 
of  a  dam  on  a  rock  ledge. 

Seepage  from  passive  side  to  active  side. 


User  input  of  precalculated  seepage 
pressures  for  analysis  of  a  dam. 

Creating  one  data  file  to  edit  a  problem 
and  enter  a  new  problem  for  analysis. 


User  input  of  a  specific  safety  factor  to 
obtain  the  resulting  unbalanced  forces. 


Use  of  the  factor  of  safety  ratio  to  reduce 
the  passive  soil  force  in  a  CSLIDE  analysis. 

Analysis  of  a  channel-type  structure. 


A45 


A66 


A78 


A98 


A110 


A121 


Problem  1 


6.  The  procedure  for  entering  data  through  the  prompting  sequence  is 
shown  on  the  following  pages  with  user  responses  underlined.  This  data  is  for 
the  first  requirement  of  paragraph  5. 


IS  INPUT  FROM  TERMINAL  OR  FILE? 

ENTER  " T ‘  OR  *F*. 

?  x 

DO  VOU  UANT  TO  USE  A  PROMPTING  SEQUENCE*? 
ENTER  ’V*  OR  *N‘. 

?  X 

ENTER  NUMBER  OF  HEADING  LINES  (1  TO  4) 

ENTER  i  HEADER  LINES 

(1  TO  70  CHARACTERS  PER  LINE) 


?  PROBLEM  1  -  RETAINING  UALL 

STRUCTURE  DESCRIPTION.  ENTER  THE  FOLLOWING  DATA 

NUMBER  OF  XV-COORD.  UNIT  WEIGHT 

DEFINING  STRUCTURE  OF  CONCRETE 

(3  TO  a0)  (KCF  ) 


?  8  .,159 


mm 


•  _i 

j 


ENTER  8  XV-COORD.  TO  DEFINE  THE  STRUCTURE 
(START  UITH  THE  POINT  AT  THE  LOWER  LEFT-HAND 
CORNER,  AND  THEN  CONTINUE  CLOCKUISE. 

MAX  OF  5  COORD  PAIRS  PER  LINE  ) 


?_g_g  05  62  6  14 

?  8  14  8  5  12  2  13  3 

ENTER  THE  PERCENTAGE  OF  THE  BASE  OF  THE  STRUCTURE 
THAT  IS  IN  COMPRESSION.  (A  DECIMAL  NUMBER) 

?  1.0 

DO  YOU  UANT  TO  ENTER  ELEUATION  OF  THE 
INTERSECTION  OF  THE  LEFT  SIDE  FAILURE 
ANGLE  AT  STRUCTURE  ( *Y»  OR  *N*  ) 

?  N 

LEFT  SIDE  SOIL  DESCRIPTION. 

ENTER  NUMBER  OF  SOIL  LAYERS  (1  TO  S) 

?  1 

ENTER  SOIL  LAVER  DATA  UNDER  HEADING.  (ONE  LINE  PER  LAYER) 

INTERNAL  SATURATED  ELEUATION 

SOIL  FRICTION  COHESION  UNIT  UEIGHT  AT 

NUMBER  ANGLE (DEG)  (KSF)  (KCF )  STRUCTURE 


'  1  58  0  .150  14 

ENTER  NUMBER  OF  POINTS  THAT  DESCRIBE 
LAVER  1 

"ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAYER 
FROM  LEFT  TO  RIGHT 
-500  14 

SOIL  BELOU  STRUCTURE 
ENTER  DATA  UNDER  HEADINGS. 

FRICTION  COHESION 

ANGLE ( DEG  )  (KSF) 


'  30  0 

RIGHT  SIDE  SOIL  DESCRIPTION. 

ENTER  NUMBER  OF  SOIL  LAYERS  (1  TO  5 ) 
•  1 


ENTER  SOIL  LAYER  DATA  UNDER  HEADING.  (ONE  LINE  PER  LAVER) 

INTERNAL  SATURATED  ELEUATION 

SOIL  FRICTION  COHESION  UNIT  WEIGHT  AT 

NUMBER  ANGLE ( DEG )  ( KSF  )  (KCF)  STRUCTURE 


?  1  28  0  . 150  4 

ENTER  NUMBER  OF  POINTS  THAT  DESCRIBE 
LAYER  1 
?  J_ 

ENTER  COORDINATES  DESCRIBING  THE  SOIL  LAVER 
FROM  LEFT  TO  RIGHT 
?  500  4 

WATER  DATA.  ENTER  UALUES  UNDER  HEADING 

LEFT  SIDE  RIGHT  SIDE  UNIT  SEEPAGE  OPTION 

ELEUATION  ELEUATION  UEIGHT  -I  -  LINE  OF  CREEP 

(FT)  (FT)  (KCF)  0  ■  HYDROSTATIC 

1  ■  INPUT  PRESSURES 


?  5  1.5  .0625  -1 

IS  UPLIFT  FORCE  AT  THE  BASE  OF  THE  STRUCTURE 
TO  BE  SPECIFIED?  (ENTER  'V'  OR  'N') 

?  N 

ARE  ANY  UEDGE  FAILURE  ANGLES  TO  BE  SPECIFIED? 

(ENTER  ' Y '  OR  'N'  ) 

?  N 

ARE  ANY  LOADS  TO  BE  SPECIFIED? 

ENTER  ‘ Y  *  OR  *  N  * 

?  N 

ENTER  METHOD  OF  ANALYSIS  TO  BE  USED 

1  FOR  SINGLE  PLANE  ANALYSIS 

2  FOR  MULTI  PLANE  ANALYSIS 

?  J_ 

DO  YOU  WANT  TO  ENTER  INITIAL  ESTIMATES  OF  THE  FACTOR 
OF  SAFETY?  (ENTER  '  V'  OR  'N'> 

?  _N_ 

DO  YOU  UANT  TO  ENTER  THE  RATIO  OF  THE 
PASS  I UE  FACTOR  OF  SAFETY  TO  THE  ACTIUE 
FACTOR  OF  SAFETY.  FSP/FSA? 

ENTER  'V'  OR  'N' 

?  N^ 

INPUT  COMPLETE,  DO  YOU  UANT  TO  EDIT  DATA? 

ENTER  'Y'  OR  'N' 

?  N 


m 


mm 

mm 


mm 


V  *.*  •.  s  •» 
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\  *.  *.  %  *, 

V*V>> 


VV.V,'  A 
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•VvvV 
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7.  The  data  file  and  the  procedure  for  entering  the  data  file  for  Prob 
lem  1  is  shown  below.  The  data  file  must  be  created  before  the  user  starts 
running  the  program. 


NEU, RETUALL 

00100  TITL  RETAINING  UALL  ANALYSIS 
00110  STRU  8  .15  (IPT  GAHC) 

00120  0002626  14 

00130  8  14  8  2  12  2  12  0  (Structura  Coordinate  Point* > 

00140  SOLT  1  1  28  0  .120  14  <NLT  LPTS  PHIL  COL  GAML  STELL ) 

00150  -500  14  (Soli  Lauar  Coordinates) 

00160  SOST  30  0  (PHCC  CCS) 

00170  SORT  1  1  28  0  .120  4  (NRT  RPTS  PHIR  COR  CAflR  STELR ) 

00180  500  4  (Soil  Layer  Coordinates) 

00190  UATR  S  1.5  .0625  (ULL  ULR  GANU ) 

00200  I1ETH  1  (HE AN  ) 

00210  END 


IS  INPUT  FRON  TERMINAL  OR  FILE? 

ENTER  * T •  OR  *F'. 

>  £ 

ENTER  DATA  FILE  NAME  (MAXIMUM  7  CHARACTERS) 
>  RETUALL 

INPUT  COMPLETE.  DO  YOU  UANT  TO  EDIT  DATA? 
ENTER  'V'  OR  'N' 

? 


STRUCTURE  INFORMATION 


POINT 


X-COORD 


Y-COORD 


1 

2 

3 

4 

5 

6 


.00 

.00 

6.00 

6.00 

8.00 

8.00 


.00 

2.00 

2.00 

14.00 

14.00 

2.00 


SOIL  DATA  BELOU  STRUCTURE 


FRICTION  ANGLE 
COHESION  - 


30.00 

.0000 


RIGHTS IDE  SOIL  DATA 


LAYER  POINT  NO.  1 

NO  X-COORD  Y-COORD 


500.00 


4.00 


A  I  ! 


7 

8 

12.00 

12.00 

2.00 

.00 

VV-Vv] 

LEFTSIDE 

SOIL  DATA 

• 

LAYER 

NO. 

FRICTION 

ANGLE 

(DEG) 

COHESION 
( KSF ) 

UNIT 
WEIGHT 
( KCF  ) 

ELEU  AT 
STRUCTURE 
(FT) 

1 

28.00 

.0000 

.120 

14.00 

£*S>:3 

LAYER 

NO 

POINT 

X-COORD 

NO.  1 

Y-COORD 

• 

1 

-500.00 

14.00 

FRICTION 
ANGLE 
(DEG  ) 

UNIT 

WEIGHT 

UCCF  ) 

ELEU  AT 

STRUCTURE 

(FT) 

LAYER 

NO. 

COHESION 
(KSF  ) 

v.y.  .Y 

.  • .  .. .  .i 

•  v>.‘ 

1 

ru 

00 

.0000 

.  120 

4.00 

M  '  »  *  . 

VV^-V’O 

A 

<•  •.  -\ -1 


^  i 


•7WF5S 


•1 


A'A-v 


s':53 


Input  Graphics 


9.  After  the  echoprint,  the  user  has  the  option  to  plot  the  input 


data. 


EMKMK 


DO  VOU  UANT  TO  PLOT  THE  INPUT  DATA.  ENTER  'V'  OR  'N'. 
?  V 


UALID  COnNANDS  ARE* 

B  -  BIG  PLOT 
A  -  AXIS 

0  -  OUTLINE  OF  PLOTTING  AREA 
I  -  INPUT  UINDOU 
P  -  PICK  UINDOU 
G  -  GRID 

R  -  REPLOT  SANE  PICTURE 
T  -  TOTAL  PLOT 

S  -  ONLV  DRAU  SOIL,  STRUCTURE,  UATER, 

AND  LOADS 
C  -  CONTINUE 
?  -  UALID  COflNANDS 
Q  -  QUIT 
H  -  HELP 

TO  SELECT  AN  OPTION,  ENTER  A  CHARACTER 

10.  The  letter  "H"  is  entered  for  an  explanation  of  commands. 


■y  yj 
hv.vy  v  3 

v  V  V 


n 


•  -  -V  -  - 

v"  v  ■  \  i 

•  .-  V  V  .* 

«.  v  s  •. 

s’  .  "  »  ■  .  ' 


V-  VV 
•  /  V  V 

V  V  V 

\w 

•yyy 

P  «  *  m 


s’*-]' 

s'.-v'y 
v  'v'v 


V  V  /V’ 


-.-•y.v.  ^ 
■ . • - *- *  . • 

**\V  V 
>  •/j'V, 


.-y.vv.- 

s^.yyy 

>/V/V 


THE  FOLLOUING  OPTIONS  ARE  AUAILABLEt 


/ 

I 

i 


1 

\ 

\ 

\ 

\ 

s 

\ 
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B  -  DRAUS  THE  LARGEST  PICTURE  POSSIBLE  OF  THE 
CURRENT  UINDOU. 

A  -  PROUIDES  AN  AXIS  FOR  THE  CURRENT  UINDOU. 
COMMAND  ACTS  LIKE  A  TOGGLE  SUITCH.  ENTER 
TO  GET  AN  AXIS;  ENTER  AGAIN  TO  DELETE  AXIS. 

0  -  PROUIDES  OUTLINE  OF  CURRENT  PLOTTING  AREA. 

COMMAND  ACTS  LIKE  A  TOGGLE  SUITCH. 

I  -  ALLOUS  THE  USER  TO  INPUT  THE  DIMENSIONS  OF 
A  DESIRED  UINDOU. 

P  -  ALLOUS  THE  USER  TO  SELECT  A  UINDOU  USING 

TUF  rpncc.LjflTlJ? 

G  -  PROUIDES  A  GRID  *  IF  AN  AXIS  IS  SELECTED. 

COMMAND  ACTS  LIKE  A  TOGGLE  SUITCH. 

R  -  REPLOTS  THE  CURRENT  PICTURE. 

T  -  PLOTS  THE  TOTAL  PICTURE. 

S  -  DRAUS  ONLY  THE  SOIL  LAYERS,  STRUCTURE,  UATER 
LEUELS,  AND  LOADS.  COMMAND  ACTS  LIKE  A 
TOGGLE  SUITCH. 

C  -  EXITS  GRAPHICS  AND  CONTINUES  THE  SOLUTION. 

?  -  PRINTS  LIST  OF  UALID  COMMANDS. 

0  -  QUIT.  EXITS  FROM  THE  PROGRAM. 

ALL  FILES  ARE  SAUED. 

H  -  THIS  COMMAND. 

A  PICTURE  IS  NOT  DRAUN  UHEN  THE  OPTIONS  *A*,  ‘O', 
*S*  OR  * G*  ARE  ENTERED.  ONLY  THE  OPTION  IS  SET. 
OPTIONS  "B',  *T* ,  AND  *R*  DRAW  A  PLOT  UHEN 
ENTERED.  TO  SELECT  AN  OPTION,  ENTER  THE  CHARACTER 
ASSOCIATED  UITH  THE  DESIRED  OPTION.  A  CARRIAGE 
RETURN  MAY  BE  NEEDED  DEPENDING  ON  HOU  YOUR 
PARTICULAR  TERMINAL  IS  SET  UP. 


11.  Following  the  explanation  of  the  commands,  the  letter  "T"  is 
entered  for  a  total  plot  of  the  input  data. 
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12.  The  size  of  the  plotting  area  is  affected  by  the  soil  layer 
boundaries  in  the  input  data.  Here,  these  boundaries  are  500  ft  to  either 
side  of  the  structure.  To  enlarge  the  structure  plot,  the  letter  "P"  is 
entered  to  pick  a  window. 


SELECT  THE  LOUER  LEFT  CORNER  OF  UINDOU. 
HIT  ANY  CHARACTER. 

SELECT  THE  UPPER  RIGHT  CORNER  OF  UINDOU. 
HIT  ANY  CHARACTER. 


RETAINING  (MIL  ANALYSIS 


13,  Crosshairs  on  the  terminal  screen  are  used  to  select  the  lower  left 
and  upper  right  corners  of  the  new  plotting  area.  (The  results  of  "windowing" 
are  shown  in  the  following  plot.) 
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Plot  of  input  data 

IftySfe 

• 

.VAV, 

To  continue  the  solution, 

it  is  necessary  to  enter  "C". 

tr 


UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 

(KSF) 

(KSF) 

1  .000 

.253 

STRUCTURAL  UEDGE 

X-COORD. 

PRESSURE 

(FT) 

(KSF) 

.00 

.253 

12.00 

.111 

RIGHTSIDE 

UEDGES 

UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF )  ( KSF  ) 

3  .000  .111 


UEDGE 

NUMBER 

FAILURE 

ANGLE 

(DEG) 

TOTAL 

LENGTH 

(FT) 

UEIGHT 

OF  UEDGE 
(KIPS) 

SUBMERGED 

LENGTH 

(FT) 

UPLIFT 

FORCE 

(KIPS) 

1 

-53.664 

17.379 

8.650 

6.207 

.786 

2 

.000 

12.000 

7.200 

12.000 

2.189 

3 

36.336 

6.751 

1.305 

2.532 

.141 

UEDGE  NET  FORCE 

NUMBER  ON  UEDGE 

(KIPS) 


1  -6.653 

2  4.950 


3  1.703 

SUM  OF  FORCES  ON  SYSTEM  -  .000 

FACTOR  OF  SAFETY -  1.704 


15.  After  the  output  is  complete,  the  user  may  select  to  plot  the 


DO  YOU  WANT  TO  PLOT  RESULTS?  ENTER  'Y'  OR  'N' 


results . 


16.  When  the  output  graphics  Menu  1  appears  on  the  screen,  an  option 
can  be  selected  as  shown  below. 

i  SELECT  AN  OPTION  BV  PLACING  THE  CROSSHAIRS  IN  THE  BOX 

UITH  THE  DESIRED  OPTION  AND  ENTER  ANV  CHARACTER 


Crosshairs  are  used  to  select  a  plotting  option. 


17.  After  selecting  the  failure  surface  option,  a  list  of  valid 
commands  is  printed. 


VALID  COMMANDS  ARE  * 

B  -  BIG  PLOT 
A  -  AXIS 

0  -  OUTLINE  OF  PLOTTING  AREA 
I  -  INPUT  UINDOU 
P  -  PICK  UINDOU 
G  -  GRID 

R  -  REPLOT  SAME  PICTURE' 

T  -  TOTAL  PLOT 

S  -  ONLY  DRAU  SOIL,  STRUCTURE,  AND  UATER 
U  -  DRAU  UATER  PRESSURES 
C  -  CONTINUE 
?  -  VALID  COMMANDS 
0  -  QUIT 
H  -  HELP 

TO  SELECT  AN  OPTION,  ENTER  A  CHARACTER 


18.  From  the  valid  commands  for  selecting  an  option,  "T"  is  entered  for 
a  total  plot,  then  "P"  is  entered  to  pick  a  window. 
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20.  The  program  returns  to  Menu  1.  If  the  option  to  plot  wedges  is 
chosen,  as  shown  with  the  crosshairs  in  the  following  drawing,  a  second  output 
graphics  menu  appears.  Options  on  Menu  2  are  chosen  by  the  crosshairs  on  the 
screen,  just  as  is  done  with  Menu  1.  The  option  to  plot  all  wedges  is  chosen 
from  Menu  2. 


Menu  1 


SELECT  AN  OPTION  BV  PLACING  THE  CROSSHAIRS  IN  THE  BOX 
UITH  THE  DESIRED  OPTION  AND  ENTER  ANY  CHARACTER 


PLOT 

FAILURE 

SURFACE 


CONVERGENCE 


CONTINUE 


fl«nu  2 


SELECT  A  HEDGE  BV  PLACING  THE  CROSSHAIRS  IN  THE  BOX 
UITH  THE  CORRESPONDING  NUMBER.  ENTER  ANY  CHARACTER. 


PLOT 

ALL 

UEDCES 


RETURN  TO 
PREVIOUS 
MENU 


CONTINUE 


«)!»».! 


RETAINING  UAL l  ANALYSIS 

STRUCTURAL  WEDGE 


KTAININ6  Ml  ANALYSIS 


PLOT 

ALL 

UEDGES 


RETURN  TO 
PREUIOUS 
MENU 


CONTINUE 


Continue 
with  the 
progrtu 

1?  I  .  The  option  to  continue  with  tin*  program  is  so  I  n  t  ed  After  exiting 
the  output  graphics,  the  user  is  given  the  option  to  edit  data  and  reanalvze 
the  problem.  The  data  will  he  altered  to  solve  the  problem  shown  in  Fig¬ 
ure  A2,  and  the  requirement  in  paragraph  Mi.  (The  data  is  altered  hv  using 
the  keyword  method  of  editing  to  .apply  vertical  loads  on  the  left  and  right 
sides  of  the  structure.  After  editing,  the  new  input  data  is  plotted.) 


DO  YOU  WISH  TO  EDIT  DATA  AND  RERUN  PROBLEM? 
( ENTER  'V '  OR  'N '  ) 


DO  VOU  WANT  A  CURRENT  LISTING  OF  VOUR  DATA”3 
ENTER  *V  OR  *  N  ■ 

?  _N. 

DO  VOU  UANT  TO  EDIT  USING  KEVUORDS 
OR  SECTIONS  ?  (ENTER  ’K*  OR  'S’) 

7  JL 

ENTER  KEYWORD.  TYPE  *END *  TO  EXIT,  ‘LIST* 

TO  LIST  KEYWORDS 
Ramp  Load-?  URLO  6  9  .55 


m 


/>» 


.'V* 

•**» 

£'v'vv3 

,  V 

fed 


DO  YOU  UANT  TO  SAUE  CURRENT  DATA  IN  A  FILE”7 
ENTER  ' V '  OR  'N' . 

7  Y_ 

ENTER  A  FILENAME  TO  SAUE  CURRENT  DATA  (7  CHAR.  MAX.  ) 
?  OUTUAL 

DO  YOU  WISH  TO  CONTINUE  SOLUTION-7 
ENTER  'Y'  OR  'N' 

7  Y_ 

IS  OUTPUT  TO  GO  TO  YOUR  TERMINAL ,  A  FILE, 

OR  BOTH?  ENTER  •T’.'F*  OR  *B* 

7  _T_ 

DO  YOU  UANT  TO  PRINT  TEMPORARY  RESULTS7 
ENTER  'Y'  OR  'N' 

7  N 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE:  86'0S/14.  TIME*  15.03.02. 


PROBLEM  1  -  RETAINING  UALL 

SINGLE  FAILURE  PLANE  ANALYSIS 

SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


UEDGE 

NUMBER 

HORIZONTAL 

LEFT  SIDE 
(KIPS ) 

LOADS 

RIGHT  SIDE 
(KIPS  ) 

UERTICAL 
LOAD 
(KIPS ) 

1 

.000 

.000 

5.701 

2 

.000 

.  000 

12.300 

3 

.000 

.  000 

4.800 

UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
<  KSF  )  (KSF) 


STRUCTURAL  UEDGE 


X-COORD. 

(FT) 

.00 

12.00 


PRESSURE 
( KSF  ) 
.253 
.111 


RIGHTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE 
(KSF) 

BOTTOM  PRESSURE 
(KSF  ) 

3 

.000 

.111 

UEDGE 

NUMBER 

failure 

ANGLE 

(DEG) 

TOTAL  UEIGHT 

LENGTH  OF  UEDGE 

(FT)  (KIPS) 

SUBMERGED 
LENGTH 
(FT  ) 

UPLIFT 

FORCE 

(KIPS) 

1 

-52.186 

17.722 

9.127 

6.329 

.802 

2 

.000 

12.000 

7.200 

12.000 

2.189 

3 

21.802 

10.770 

2.400 

4.039 

.225 

UEDGE  NET  FORCE 

NUMBER  ON  UEDGE 

(KIPS) 


1  -11.029 

2  5.475 

3  5.554 

SUM  OF  FORCES  ON  SYSTEM  -  .000 

FACTOR  OF  SAFETY -  1 .825 


DO  YOU  UANT  TO  PLOT  RESULTS?  ENTER  'V'  OR  '  N '  . 
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23.  After  all  wedges  are  plotted.  Menu  2  appears  again.  The  command  to 
return  to  Menu  1  is  selected  and  Menu  1  appears.  The  option  to  plot  the 
failure  surface  is  chosen. 


SELECT  A  (JEDGE  BY  PLACING  THE  CROSSHAIRS  IN  THE  BOX 
UITH  THE  CORRESPONDING  NUMBER .  ENTER  ANY  CHARACTER. 


PLOT 

ALL 

UEDGES 


RETURN  TO 

PREVIOUS 

CONTINUE 

MENU 

SELECT  AN  OPTION  BY  PLACING  THE  CROSSHAIRS  IN  THE  BOX 
UITH  THE  DESIRED  OPTION  AND  ENTER  ANY  CHARACTER 


FAILURE 
ci  ioc arc 


PLOT 

UEDGES 


PLOT 

CONVERGENCE 


CONTINUE 


m 


m 


PK-: 

sr  v  1 \r  K 

V. 


;/vVj 


Mm  * 
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Enter  "C"  to  continue 


24. 

selected . 


The  plot  of  the  failure 
Graphics  continues  with 


surface  is  shown 
a  return  to  Menu 


after  a  window  has  been 
1.  The  command  is  given 


to  continue  with  the  program. 


SELECT  AH  OPTION  BY  PLACING  THE  CROSSHAIRS  IN  THE  BOX 
UITH  THE  DESIRED  OPTION  AND  ENTER  ANY  CHARACTER 


PLOT 

FAILURE 

SURFACE 


CONTINUE 

HELP 

A33 


y-, 

t  AAA 


•«*  / 


Termination  of  Program 


25.  No  more  editing  or  analysis  is  desired  and  the  program  is  allowed 
to  terminate. 


DO  VOU  UISH  TO  EDIT  DATA  AND  RERUN  PROBLEM? 
(ENTER  'V '  OR  'N' ) 

? 

ANSUER  MUST  BE  ’V  OR  *N ’  -  RETRV 
?  N 

DO  VOU  WANT  TO  MAKE  ANOTHER  RUN? 

(ENTER  ' Y '  OR  'N'  ) 

?  N 

*  *  *  NORMAL  TERMINATION  *  *  * 
tREUERT . CCL 

/ 


26.  File  "OUTWAL"  was  created  by  CSLIDE  to  save  edited  data  for 

Problem  1,  requirement  b.  This  file  is  shown  below. 

/OLD , OUTUAL 
/LIST 

010  TITL  PROBLEM  1  -  RETAINING  UALL 


020  STRU  8 
030  .00 

040  .00 

050  6.00 

060  6.00 

070  8.00 

080  8.00 


15000 


.00 

2.00 

2.00 

14.00 

14.00 

2.00 


1.00000 


Default  values 


090 

12.00 

2.00 

100 

12.00 

.00 

110 

SOLT 

1  1 

28.00 

.00000 

120 

-500.00 

14.00 

130 

SORT 

1  1 

28.00 

.00000 

140 

500.00 

4.00 

150 

SOST 

30.00 

.00000 

160 

METH 

1 

170 

UATR 

5.00 

1.50 

.06250 

180 

FACT 

.50 

1.50 

1.0000 

190 

UPLO 

22.00 

2.0000 

200 

OSLO 

10.00 

8.00 

.8000 

210 

URLO 

6.00 

9.00 

.5500 

.  12000 
.  12000 


14.00 

4.00 


220  END 


Default  values 

27.  Hand-checked  calculations  of  CSLIDE  results  follow  the  termination 
of  the  program. 
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Hand  Check  of  CSLIDE  Results — Problem  1 ,  No  Vertical  Loads 


Water  Pressures 


„  ,  Elevation  of  /  Length  of 

„  „  Headwater  „  ,  .  „ I  „  ° 

Pressure  =  P  =  y  ,  -  Point  of  -  (i)  * l  Seepage 

w  Elevation  T  ..  \  n  i 

Interest  \Path  ) 


Seepage  ,  AH  _ (5 ~ — ) -  g  igoigq 

Gradient  1  L  (5’  +  12’  +  1.5’)  °-1B9189 


mi 

*  «*"  A 


yvVvx 

vvvV  . 

■  ■■  AAA 


*  m *  M*  'mS  I 


L  =  Total  Length  of  Seepage  Path 

=  Wetted  Perimeter  of  Structural  Wedge 

Length  of  _  Linear  Distance  Along  Structural  Wedge  From 
Seepage  Path  ~  Left  Side  Water  Elevation  to  Point  of  Interest 


Wedge  1 : 


P  =  0 
a 


P  =  y  [5’  -  O’  -  i  (5 ’ ) ]  =  0.253  ksf 

D  W 


Wedge  2 : 


P,_  =  0.253  ksf 

D 

p  =  v  [5*  _  o’  -  i(5’  +  12')]  =  0.111  ksf 
c  w 


Wedge  3: 


/  V  *. 

. 

• _ 

4$d 

ycvNCwvi 


■*,*  v  "J  *  -  *, 

v.v'aJ'J 

A  .'V\,Vv 


P  =  0.111  ksf 
c 

pd  -  o 
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t 

Number 

CSLIDF 

Hand 

CSLIDF 

Hand 

CSLIDF 

Hand 

CSLIDF 

Hand 

> 

1 

0.000 

0.0 

0.000 

0.0 

0.000 

0.(1 

-3  1 . 8  8  U 

-53.665 

2 

0.000 

0.0 

0.000 

0.0 

n  .  800 

0  .  hO 

O.000 

0.0 

3 

0.000 

0.0 

0.000 

0 . 0 

0.000 

0.0 

38 . 338 

16 . 33  5 

Summary  of  Problem  1,  No  Vertical  Lead  C--CSL  1 1)1.  and  Hand  ('a  1  <  illation? 


_ Horizontal  Loads _ 

Left  Side  Right  Side 

(kips)  (kips) 


Vertical  Load 
(  k  i  n  s  1 


Failure  Angle 
(  deg) 


/VVv 


>  "  A 


/  r  •  - 


Hand  Check  (Continued) 


Wedge  I 


0  55  K/FT 


"•  it — 0  367  K/FT 

X.  » _ i _ !_} 


B.  =  -i±_ 

1  tan  a. 


=  in. 87' 


14 


'  1  s  i  n  a , 


17.72’ 


sub  sin  i. 


=  6.33’ 


4- 

'T' 


=  52. 186 


\ 


Total  Ramp  Load  _  (0.35  -  0) 
Total  Ramp  Length  9’ 


0.061 1 


k/ft 


ft 


Surcharge  at  Right  =  0>061,  *  6>  =  0.367  k/ft 


End  of  Wedge  1 


Vertical  Loads,  V  =  0.55  k/ft  (10.87  *  -  3’)  +  ^  (0.55  +  0.367)  0’)  =  5.70 


Weight,  =  4  (14  *  10.87) (0 . 120  kef)  =  9.13k 

1  <L 


Up  1 i f t  j  =  4  (0  +  0.253) (6.33  ’)  =  0.801k 


Net  force. 


t  an  if 


P  -  P 
0  1 


(  (9.13  +  5.70)  cos  a,  -  0.801]  ■  - -p  - 


+  (9.13  +  5.70)  sin  a , 


'tan  f 


c,,s  M  - sln  ’liras' 


P0  -  P  -  -11.03 


( Cont i nned 1 
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Hand  Check  (Concluded) 


The  sum  of  net  forces  is: 


j 

I 

! 


E 


(P  -  P.)  =  -11.03k  +  5.48k  +  5 . 5 5 k  =  0.00k 


NOTE:  The  point  load  is  not  included  in  the  surcharges  since  it  lies  just 

outside  the  passive  wedge.  CSLIDE  chooses  the  angle  producing  a  minimum  pas¬ 
sive  force.  To  include  the  2— kip  load  would  only  increase  the  passive  resis¬ 
tance  and  produce  a  higher  safety  factor.  The  critical  condition  is  the 
failure  mechanism  with  the  lowest  safety  factor. 
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Table  A2 

Summary  of  Problem  1,  Vertical  Surcharges — CSLIDE  and  Hand  Calculations 


_ Horizontal  Loads _ 

Left  Side  Right  Side 

Wedge  _ (kips) _  _ (kips) 

Number  CSLIDE  Hand  CSLIDE  Hand 


Vertical  Load 
(kips) 

CSLIDE  Hand 


0.000 

0.000 

0.000 


0.000 

0.000 

0.000 


5.701 

12.300 

4.800 


5.70 

12.30 

4.80 


Failure  Angle 

_ (deg) _ 

CSLIDE  Hand 


-52.186 

0.000 

21.802 


-52.186 

0.000 

21.802 


'  M  s  .**  dj*  *  * 


P 


Wedge 

Number 


Total  Length 
(ft) 


Weight 
of  Wedge 
(kips) 


Submerged 

Length 

(ft) 


Uplift  Force 
(kips) 


CSLIDE 

Hand 

CSLIDE 

Hand 

CSLIDE 

Hand 

CSLIDE 

Hand 

17.722 

17.72 

9.127 

9.13 

6.329 

6.33 

0.802 

0.801 

12.000 

12.00 

7.200 

7.20 

12.000 

12.00 

2.189 

2.184 

10.770 

10.77 

2.400 

2.40 

4.039 

4.04 

0.225 

0.224 

Wedge 

Number 


Net  Force  on  Wedge 
(kips) 


Sum  of  Forces 


CSLIDE 

-11  .029 
5.475 
5.554 

0.000 


FACTOR  OF  SAFETY  =  1.825 


-1 1 .03 
5.48 
5.55 


Comments  on  Results 

28.  The  safety  factor  for  the  system  with  loads  is  greater  than  the 
safety  factor  for  the  system  without  loads.  In  the  loaded  system,  the  passive 
force  of  wedge  3  is  more  than  double  the  passive  force  in  the  unloaded  system. 
The  active  force  of  the  loaded  wedge  1  increases  hv  onlv  66  percent  over  the 
active  force  in  the  unloaded  case.  This  accounts  for  the  larger  safety  1  actor 
for  the  svstem  with  loads. 
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Problem  2 


Summary 


29.  This  example  problem  shows  some  CSLIDE  capabilities  and  limitations 
in  modeling  vaiious  soil  and  structure  configurations.  The  structure  in  this 
problem  is  a  gravity  dam  with  an  irregular  base  shown  in  Figure  A3a.  In 
CSLIDE,  the  structure's  base  must  be  represented  by  only  one  plane  of  sliding. 
The  structure  model  for  CSLIDE  is  shown  in  Figure  A3b.  The  left-side  soil 
surface  slopes  down  away  from  the  structure.  The  right-side  soil  surface  is 
at  the  base  of  the  structure,  therefore,  no  passive  wedge  exists. 

30.  The  "RERU"  command  is  used  in  the  data  file  to  edit  data  and  rerun 
the  program. 

31.  A  second  analysis  in  this  example  demonstrates  how  to: 

a.  Use  earthquake  acceleration  coefficients  and  interpret  the 
results . 


Input  a  specific  failure  plane  and  interpret  the  results. 


Requirements 


32.  For  this  problem,  the  following  are  required: 

a.  Calculate  the  factor  of  safety  against  sliding  of  the  dam  shown 

in  Figure  A3a,  using  the  model  shown  in  A3b. 

b.  Calculate  the  factor  of  safety  when  the  dam  is  under  seismic 

conditions.  Earthquake  acceleration  coefficients  for  the  dam's 
location  are:  horizontal  0.07,  vertical  0.02.  Assume  the 
failure  mechanism  for  seismic  conditions  is  the  one  shown  in 
Figure  A4 . 


-50,38)  'U'HU' 

LEFT  *  =  32° 

SOIL  c_0 

y  =  0.125  KCF 


0  =  30° 
c  =  0.05  KCF 

7  =  0.122  KCF 


Gravity  dam  with  irregular  base 


b.  Model  of  the  irregular  base  for  CSLIDE  analysis 
Figure  A3.  Problem  2  -  gravity  dam 


FAILURE  ANGLE  =  0 


Figure  A4 .  Failure  mechanism  for  seismic  conditions 
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33.  The  daca  for  all  requirements  of  Problem  2  are  shown  in  the  one 
data  file  below.  Right-side  soil  data  is  required  in  the  input,  even  though 
no  wedge  will  be  formed  in  the  first  analysis.  Data  is  edited  within  the  data 
file  for  a  second  analysis,  using  the  keyword  "RKRP". 

34.  In  CSLIDE,  earthquake  forces  are  not  applied  to  water  that  is  above 
the  ground  surface  and/or  on  the  structure.  The  user  should  enter  a  horizon¬ 
tal  force  on  each  wedge  in  order  to  have  seismic  water  forces  considered  in 


the  analysis  (paragraph  85-text), 
be  calculated  from  Westerguard ' s* 


Seismic  force  from  water  above  ground  can 

2 

equation  as  W  =  (2/3)C  K  h  ,  where  K, 

t  n  n 


is  the  horizontal  earthquake  coefficient,  h 


is  the  height  of  water,  and  C 

h 


is  a  factor  based  on  the  depth  of  water: 


where 

T  =  earthquake  foundation  period  of  vibration 
=  1  sec  (avg) 

For  this  example, 


W_  _  =  |  (0.051 ) (0.07) (5')2  =  0.0595k 

E<Q-Right  3 

p 

Total  =  0.2975  acting  to  the  right 


*  See  paragraph  85. 


This  is  a  load  added  to  the  structural  wedge  as  an  external  horizontal  load. 
The  command  word  "HOLO"  is  used  in  the  data  file. 

Data  File  for  Problem  2 


100  TITL  CSLIDE  DAN  --  PROBLEH 

110  STRU  6  .15 

120  0  40  0  72  15  72 

130  25  60  80  60  80  48 

140  SOLT  1  2  32  0  .125  60 

150  -400  38  -50  38 

160  SOST  30  0.05 

170  SORT  1  1  30  .05  .122  48 

180  400  48 

190  I1ETH  1 

200  UPLO  5  60 

210  UATR  70  53  .0625 

220  END 

230  RERU 

235  HOLO  2  .2975 
240  EGAC  0.02  0.07 
250  UEDG  2  0.0 
260  END 


( IPT  GAPIC) 

(Structure  Coordinate.  Point*) 

( NLT  LPTS  PHIL  COL  GftltL  STELL ) 
(Soil  Layer  Coordinate  Point*) 
( PHCC  CCS) 

(NRT  RPTS  PHIR  COR  GAHR  STELR ) 
(Soil  Layer  Coordinate  Point*) 
(MEAN) 

(XPLO  PLO) 

(WLL  ULR  GAftU) 


(UEDN  HLOAD ) 

(EQUT  EQHO > 

( IUEDGE  PANG) 


V.vyy 

'  V  V  */ v 
f  v*  v  .* 
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-w,-v 


<<<■> 
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.  V.  «  4  e**  •  ■ 


,  »  k  ■  ,  4  » 

.  V* 

•  -  *  »  *  ,  *  *  * 

--'A 

'.A.-A 


IS  INPUT  FROM  TERMINAL  OR  FILE? 

ENTER  * T *  OR  *F*. 

?  F 

ENTER  DATA  FILE  NAME  (MAXIMUM  7  CHARACTERS) 
?  LQ2 


INPUT  COMPLETE,  DO  VOU  UANT  TO  EDIT  DATA? 
ENTER  'Y'  OR  '  N ' 

■>  N 

DO  VOU  UANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL,  FILE,  BOTH,  OR  NEITHER? 

ENTER  * T* ,  * F * ,  *B*  OR  *N* 

?  N 

DO  VOU  UANT  TO  PLOT  THE  INPUT  DATA.  ENTER  ' 
?  N 

DO  YOU  UISH  TO  CONTINUE  SOLUTION? 

ENTER  'V'  OR  ' N ' 

■>  V 

IS  OUTPUT  TO  GO  TO  YOUR  TERMINAL,  A  FILE, 

OR  BOTH?  ENTER  ‘  T  '  , * F  ‘  OR  "B* 

?  T 

DO  YOU  UANT  TO  PRINT  TEMPORARY  RESULTS'? 

ENTER  'V'  OR  ' N ' 

?  N 


'*  .--  .V'^V 
^\Vv*<0< 
.*  V  v  v  .* 

y<yY-/>‘ 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE*  86/05/32. 


TIME:  08.39.28. 


CSLIDE  DAM  —  PROBLEM  2 


SINGLE  FAILURE  PLANE  ANALYSIS 


SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


HORIZONTAL  LOADS 


UEDGE 

NUMBER 


LEFT  SIDE 
(KIPS) 


RIGHT  SIDE 
(KIPS) 


UERTICAL 

LOAD 

(KIPS) 


1.681 

3.125 

.000 


.000 

.781 

.000 


3.820 

60.000 

.000 


UATER  PRESSURES  ON  WEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF )  ( KSF  ) 


.775 


1.663 


STRUCTURAL  UEDGE 


X-COORD.  PRESSURE 
(FT)  (KSF) 


.00 

80.00 


1.663 

.313 


RIGHTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
(KSF)  (KSF) 


.000 


.000 
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.  -  jT*  , 


o  ,«  i  <r. 
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•■■A-Vvs; 
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UEDGE 

NUMBER 


FAILURE 

ANGLE 

(DEG) 


TOTAL 

LENGTH 

(FT) 


UEIGHT 
OF  UEDGE 
(KIPS  ) 


SUBMERGED 

LENGTH 

(FT) 


UPLIFT 

FORCE 

(KIPS) 


UEDGE 

NUMBER 


ON  UEDGE 
(KIPS  ) 


-34.412 

34.412 

.000 


SUM  OF  FORCES  ON  SYSTEM  - 


FACTOR  OF  SAFETY 


.000 

15.883 


DO  YOU  UANT  TO  PLOT  RESULTS'?  ENTER  ' Y '  OR  'N' 

V 


£ 

m 


-V,  < 


72.771 

18.425 

6.822 

18.425 

22.465 

• 

5.711 

80.399 

228.000 

80.399 

79.428 

.000 

.000 

.000 

.000 

.000 

NET 

FORCE 

,'A  /-  /4 yv 
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■.v.-y-: 

vVvV, 
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SBffi 
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35.  The  failure  surface  and  wedge  plots  for  Problem  2  are  shown  below. 


OUTPUT  GRAPHICS 


cslidc  DMi  --  PRotien  a 


UEDGE  1 


...Kit--. 


STRUCTURAL  UEDGE 


UEDGE  3 


NO  UEDGE  PRESENT 


(Reduced  Plots) 
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36.  "W,"  "A,"  "0,"  then  "R,"  are  entered  to  Replot  the  picture  with 

Water  pressures  shown  on  the  wedges,  Axes  on  the  plot,  and  the  plot  Outline 
removed . 

FS  ■  15.882 

CSLIDC  DAM  —  PROBLEM  2 


w"  n'wi'wiwvwwurvwv  wv  -mr  w  *. 


37.  After  the  first  analysis  is  complete,  a  message  is  given,  as  shov 
below,  to  indicate  that  the  keyword  "RERU"  and  new  data  have  been  read  into 
the  program,  and  a  new  analysis  is  to  hegin. 

DO  VOU  UISH  TO  EDIT  DATA  AND  RERUN  PROBLEM? 

(ENTER  'V'  OR  'N') 

>  N 


*****  MODIFIED  PROBLEM  ENTERED  FROM  FILE  ***** 


INPUT  COMPLETE,  DO  VOU  UANT  TO  EDIT  DATA? 
ENTER  'V '  OR  ' N  * 

>  N 

DO  VOU  UANT  INPUT  DATA  ECHOPRINTED  TO  VOUR 
TERMINAL,  FILE,  BOTH,  OR  NEITHER? 

ENTER  * T ■ ,  * F ■ ,  *B*  OR  *N* 

>  N 


r 


This  message  indicates  that  the 
keyword  ’RERU*  and  edited  data 
were  read  into  the  program. 


DO  YOU  UANT  TO  PLOT  THE  INPUT  DATA.  ENTER  'V'  OR  ' N ' . 

?  Y 

38.  A  plot  of  modified  input  data  is  shown  below  as  requested  by  the 


user. 


Output  tor  Seismic  Analysis 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE »  86/05/22. 


TIME »  08.42.50 


CSLIDE  DAM  --  PROBLEM  2 


SINGLE  FAILURE  PLANE  ANALYSIS 

SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


UEDGE 

NUMBER 


HORIZONTAL  LOADS 


LEFT  SIDE 
(KIPS) 


RIGHT  SIDE 
(KIPS  ) 


VERTICAL 
LOAD 
(KIPS  ) 


4.309 

26.315 

.474 


8.026 

105.581 

4 . 474 


HATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF )  ( KSF ) 


1.678 


/  'N  a-"a-  ’ -''a-'.VVL'/"-'  .  'V 


Failure  surface  under  seismic  conditions 
"A"xis  and  "P" ick-n-window  commands  have  been  chosen  for  this  plot. 


csure  pen  --  PROBLEM  a 


FS  ■  2.749 


■? 
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-»».  -M.  -**.  -St.  ».  St.  *t.  et.  tl.  itt.  121 


All.  The  "W"  command  was  entered  for  this  replotting  of  the  failure 
irf are  to  show  water  pressures  on  the  wedges.  The  individual  wedges  are 
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SUBMERGED  LENGTH  •  16.024 
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41.  The  calculation  of  vertical  and  horizontal  loads  when  earthquake 
conditions  are  used  as  follows: 

Vertical  earthquake  load  =  Vertical  earthquake  coefficient 

X  (total  weight  of  wedge 

+  external  vertical  loads  other  than  water) 

Horizontal  earthquake  load  =  Horizontal  earthquake  coefficient 

X  (total  weight  of  wedge 

+  external  vertical  loads  other  than  water) 
Any  water  load  on  top  of  the  wedge  is  not  included  in  these  calculations. 

42.  The  resultant  loads  on  each  wedge,  shown  in  the  CSLIDE  output,  are 
composed  of  several  individual  loads  described  below: 


V 


total 


H 


left  total 


H 


vertical  earthquake  load  +  external  vertical  loads 

+  vertical  water  load 

positive  (direction)  external  horizontal  loads 

+  left-side  horizontal  water  load 
negative  (direction)  external  horizontal  loads 

+  right-side  horizontal  water  load 
earthquake  load  is  added  to  if  EQHO  is  positive.  It  is 

if  EQHO  is  negative. 


right  total 


ciuueu  cu  u  .  ,  ^ 

right 

43.  On  the  following  pages  are  shown  the  hand-checked  computations  for 
this  part  of  Problem  2. 
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Hand  Check  (Continued) 

Wedge  1  (Continued) 


Water  Loads  (External) 


Water  loads,  V  = 


(sin  c )  1. 1  =  10.162' 

(cos  b)  =  4.472' 

4  [(10  +  4.47)ksf 

+  10  ksf) b  (10.162') 

w 

_  _  k 


7.77! 

I-  (14.47  +  10)ksf  Y  (4.47') 
w 


=  1.420 


Totals : 


Vw  +  EQV 
HI.  +  eqh 


7  .  7  7  1 k  +  0.2r)4k  =  8 . 0  2  5  k 
3.420k  +  0 . 8  8  9 k  =  4 . 109k 


•JvJv 

rfeweri 

■;  <v» 
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Wedge  2  -  St  rue  turn 


15'  '  24’  =  360  ft" 

i  (10’  ■  I?’)  =  60  ft’ 

65’  x  12’  =  7R0  ftb 

|  (80’  *  8’)  =  320  ft"’ 

Total  Area  1520  ft"  *  0.15  kef  *  1' 
Weight,  =  228. 0k 


;■  •  -  •  *  ■_  *j 

>.  •*  *-v  < 

v.v.v^v; 

v 

•  -  •/'  ■  *S 

•  _ 

r.-TLV.V.K 

v-sav. 

'^.V,  >V 


Soil  =4  (80'  x  8' )  =  120  ft' 


Weight,  W  .  =  120  ft"  (0.122  kc-f)  ( 1  ft) 

soil 


=  39.040 


(Cent inued) 


(Sheet  2  of  3) 
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Table  A3 

Summary  of  Problem  2 — External  bonds  and  Karthquake  Conditions 
CSLIDE  and  Hand  Calculations 


Problem  3 


PJWn  wvwjTr\rrvw\swv  wu  r;  wvTtvw'jrirwir 


Summary 

44.  The  purpose  of  this  example  is  to  demonstrate  a  way  the  user  can 
control  the  failure  mechanism  in  CSLIDE.  A  structure  on  a  rock  ledge  is 
analyzed  for  sliding  stability  when  the  failure  plane  (a)  passes  around  the 
rock  and  (b)  passes  through  the  rock.  The  latter  case  is  found  to  produce  a 
lower  safety  factor  than  the  former. 

45.  This  example  also  shows  that  the  water  elevation  on  the  passive 
side  of  the  system  may  be  higher  than  that  on  the  active  side.  Seepage 
pressures  are  distributed  from  right  to  left  in  this  case.  A  hand  check  of 
seepage  calculations  follows  the  final  results. 

Requirements 

46.  For  this  problem,  the  following  items  are  required: 

a.  Determine  the  sliding  factor  of  safety  for  the  system  shown  in 
Figure  A5.  Assume  that  the  rock  is  strong  in  shear  relative  to 
the  soil,  and  check  the  failure  plane  which  passes  around  the 
rock  ledge  on  the  left  side  of  the  structure,  as  shown  in  Fig¬ 
ure  A6a.  An  external  horizontal  load  should  be  added  to  the 
structural  wedge  to  account  for  the  water  force  cn  the  struc¬ 
ture  below  the  elevation  of  the  lowest  leftside  wedge. 

b.  Determine  the  sliding  factor  of  safety  for  the  analysis  which 
includes  the  rock  on  the  left  side  in  the  failure  mechanism,  as 
in  Figure  Abb. 


top  three  left  soil  layers  are 
ing  this  data  file  is  the  plot 


the  first  analysis 
entered .  This  file 
of  input  data. 


paragraph  44a,  nnlv  the 
is  printed  below.  Follow- 


Data  File  for  Problem  3  (Figure  A6a) 


"ANEL"  -  failure  angle  elevation  at  the  structure  =  12  ft 


"HOLD"  -  external  horizontal  load  of  water  on  left  side  of  structure,  below 
ANEL 


00100  TITL  DAM  UITH  ROCK  BASE 

00110  STRU  5  .15  12 

00120  0  0  0  30  12  30  30  10  30 

00130  SOLT  1  2  30  0  .108  30 

00140  -500  35  -50  3S 

00150  SOLT  2  1  31  0  .095  20 

00160  -500  20 

00170  SOLT  3  1  31  0  .118  15 

00180  -500  15 

00190  SOST  38  .2 

00200  SORT  1  1  32  0  .115  10 

00210  200  10 

00220  nETH  2 

00230  UATR  15  22  .0625  -1 
00231  HOLO  4  7.608 
00240  END 


( IPT  GAHC  ANEL) 

©Structure  Coordinate  Points 
( NLT  LPTS  PHIL  COL  GANL  STELL  ) 
Soil  Layer  Coordinates 
(NLT  LPTS  PHIL  COL  GAUL  STELL) 
Soil  Layer  Coordinate 
(NLT  LPTS  PHIL  COL  GAUL  STELL) 
Soil  Layer  Coordinate 
(PHIC  CCS) 

(NRT  RPTS  PHIR  COR  GAP1R  STELR) 

Soil  Layer  Coordinate 

(MEAN) 

(ULL  ULR  GAHU  S ) 

(UEDN  HLOAD  ) 


ANEL* 


failure  angle  elevation  at  the  structure 


*8.  Printed  below  .ire  final  results  and  plots  of  the’  analysis  in  which 
the  failure  plane  around  the  rork  . 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE i  87/07/15. 


DAN  WITH  ROCK  BASE 


TINEJ  14.36.07. 


MULTIPLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  CONPUTED  BY  LINE  OF  CREEP 


HORIZONTAL  LOADS 


UEDGE 

NUNBER 


LEFT  SIDE 
(KIPS) 


RIGHT  SIDE 
(KIPS) 


UERTICAL 

LOAD 

(KIPS) 


.000 

.000 

.000 

7.608 

.000 


.000 

.000 

.000 

4.500 

.000 


.000 

.000 

.000 

4.050 

8.043 


UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF  )  ( KSF ) 


STRUCTURAL  UEDGE 


X  COORD . 

(  FT  ) 


.  Ot? 

30  00 


PRESSURE 
USt  ! 


1  O' 

1  ■  c?9S 


-  A  ! 

•r 


A  A  j .  e.  f, 

C  V  V  >  ' 


,  ■  .  -e  A  •  . 

V  ■.*.*  \«v 


.%  •. 


v"  s'  V.%  •• 


'.  A  A  /.A 
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RIGHTSIDE  UEDGES 


WEDGE  MO.  TOP  PRESSURE  BOTTOM  PRESSURE 
(KSF  )  ( KSF  ) 


S  . 750  1.295 


WEDGE 

FAILURE 

TOTAL 

WEIGHT 

SUBMERGED 

UPLIFT 

NUMBER 

ANGLE 

LENGTH 

OF  WEDGE 

LENGTH 

FORCE 

(DEG) 

(FT) 

(KIPS  ) 

(FT) 

(KIPS) 

1 

-15.8 

55.090 

33.636 

.000 

.000 

2 

-42.4 

7.415 

7.555 

.000 

.000 

3 

-44.8 

4.258 

5.282 

4.258 

.450 

4 

.000 

30.000 

108.000 

30.000 

35.284 

S 

43.0 

14.663 

6.166 

14.663 

14.996 

WEDGE 

NET 

FORCE 

NUMBER  ON  UEDGE 

CICIPS) 


1  -7.236 

2  -6.029 

3  -4.630 

4  4.192 


5  13.698 

SUM  OF  FORCES  ON  SYSTEM  -  .001 

FACTOR  OF  SAFETY -  9.030 


DO  YOU  WANT  TO  PLOT  RESULTS7  ENTER  'V'  OR  'N 


UEDGE  1 


DA«  UITM  ROCK  |A$£ 


UEDGE  2 


K.  I.  25.  M.  76.  III. 


'S'WW'9 

- >  -  /•>  *•  -1 
/»,"  %■  1 

.‘.y.vY>, 

•  wV 
cty56v££ 


UEDGE  3 


STRUCTURAL  UEDGE 


•V  J'.v 


.  I>  9  !*■• 


UEDGE  5 


• »  '  •  •  «  > 

v\^v-v.y 

V  vVvV 
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\VvNYvv 

/  •  "  «  *  r  V*  • 

y 

V./.V.T.V, 


Piers  of  The  failure  surface  and  wedges ,  paragraph  44a 


\-Vv-\-V 

(  '  I  *  »  *  k  *  P  I 


Vn.Va 


49.  On  this  and  the  following  four  pages  are  the  data  file  for  the 
second  analysis  of  Problem  3,  paragraph  44b,  the  plot  of  input  data,  the  final 
results,  and  plots  of  the  failure  surface  and  wedges. 


Data  File  for  Problem  3  (Figure  A6) 


Failure  surface  through  rock 


00100  TITL  DAN  UITH  ROCK  BASE 
00110  STRU  5  .15 

00120  00  0  30  12  30 

00130  30  10  30  0 

00140  SOLT  1  2  30  0  .108  30 
00150  -500  35  -50  35 
00160  SOLT  2  1  31  0  .095  20 
00170  -500  20 

00180  SOLT  3  1  31  0  .118  15 
00190  -500  15 

C 00195  SOLT  4  1  38  .2  .168  12 
'1  00196  -500  12 
00200  SOST  38  .2 
00210  SORT  1  1  32  0  .115  10 
00220  200  10 
00230  METH  2 

00240  UATR  IS  22  .0625  -1 
00250  END 


Remove  ANEL 
and  HOLO  from 
the  data  file 
of  part  1 . 


Add  a  4th  left 
soil  layer  to 
describe  the 
rock  properties. 


m 


mm 
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PROGRAM  CSLIDE  -  PINAL  RESULTS 


DATE*  86/05/23 . 


TIME*  14.57.55 


DAM  UITH  ROCK  BASE 


MULTIPLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


HORIZONTAL  LOADS 

-  OERTICAL 

UEDGE  LEFT  SIDE  RIGHT  SIDE  LOAD 

NUMBER  (KIPS)  (KIPS)  (KIPS) 


1 

.000 

.000 

.000 

2 

.000 

.000 

.000 

3 

.000 

.000 

.000 

4 

.000 

.000 

.000 

5 

.000 

4 . 500 

4.050 

6 

.000 

.000 

9.034 

UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE 

BOTTOM  PRESSURE 

(KSF) 

(KSF  ) 

1 

.000 

.000 

2 

.000 

.000 

3 

.000 

.211 

4 

.211 

1.057 

STRUCTURAL 

UEDGE 

X-COORD.  PRESSURE 
(FT)  ( KSF  ) 


RIGHTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE 

BOTTON  PRESSURE 

( KSF  ) 

(KSF) 

6 

.750 

1  .295 

UEDGE 

FAILURE 

TOTAL 

UEIGHT 

SUBMERGED 

NUNBER 

ANGLE 

LENGTH 

OF  UEDGE 

LENGTH 

(DEG) 

(FT) 

(KIPS  ) 

(FT  ) 

1 

-39.9 

20.691 

10.016 

.900 

2 

-48.9 

6.635 

6.438 

.000 

3 

-49. S 

3.945 

4.748 

3.945 

4 

-50.4 

15.574 

29.490 

15.574 

5 

.000 

30.000 

108.000 

30.000 

6 

39.7 

15.655 

6.926 

15.655 

UEDGE 

NET 

FORCE 

NUMBER 

ON 

UEDGE 

(KIPS  ) 


1  -S.794 

2  -5.149 

3  -3.975 

4  -24.052 

5  24.350 

6  14.620 


SUN  OF  FORCES  ON  SYSTEH  -  .000 

FACTOR  OF  SAFETY -  3.324 


DO  YOU  UANT  TO  PLOT  RESULTS?  ENTER  ' Y '  OR  'N'. 


UPLIFT 

FORCE 

(KIPS) 


.000 

.000 

.417 

9.875 

35.284 

16.011 


50.  The  decrease  in  the  safety  factor  results  from  the  increase  in  the 
ing  force.  This  increase  was  caused  by  including  the  rock  in  the  failure 
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Problem  4 


Summary 


51.  This  example  problem  demonstrates  how  one  may  enter  precalculated 


seepage  pressures  into  a  CSLIDE  analysis.  The  CSLIDE  solution  uses  these 
input  pressures  instead  of  those  calculated  by  one  of  the  methods  within  the 
program.  For  instance,  one  may  wish  to  use  results  obtained  from  a  flownet  or 
a  finite  element  seepage  analysis  in  the  sliding  stability  analysis. 

52.  The  dam  to  be  analyzed  for  sliding  safety  if  shown  in  Figure  A7. 

As  in  Problem  2,  the  irregular  base  is  modeled  as  a  single  plane.  For  sim¬ 
plicity,  the  joint  between  the  dam  and  the  spillway  is  ignored  and  the  struc¬ 
ture  is  treated  as  a  unit  in  sliding.  The  analysis  model  is  shown  in  Fig¬ 
ure  A8 .  The  data  file  for  this  problem  is  one  long  file  containing  three 
separate  analyses.  This  shows  the  use  of  the  command  word  "RERU"  for  editing 


from  within  a  file  to  rerun  the  problem,  and  the  command  word  "NEW"  for  enter¬ 
ing  a  new  set  of  data. 


Requirements 


53.  For  this  problem,  the  following  are  required: 


a.  Find  the  sliding  factor  of  safety  of  the  dam  shown  in  Fig¬ 
ure  A7  using  the  water  pressures  acting  on  the  wedge  vertices 
and  structure  base.  These  pressures  are  obtained  from  the 
flownet  shown  in  Figure  A7 . 


b.  Analyze  the  dam  of  paragraph  51a  a  second  time,  using  water 

pressures  calculated  by  CSLIDE  from  the  1 ine-of-creep  method  of 
analysis . 


£.  Determine  the  FS  of  a  smaller  dam  located  upstream  of  the  first 
one.  This  dam  is  shown  in  Figure  A9 .  L'se  just  one  data  file 
for  all  three  parts  of  this  problem. 
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55.  The  data  file  for  Problem  4  contains  three  separate  analyses  and  is 


printed  below. 


Dam  with  input 
pressures 


Line-of-creep 

seepage 


Data  for 
2nd  dam 


Data  File  for  Problem  4 


00100 

00110 

00120 

00130 

00140 

00150 

00160 

00170 

00180 

00190 

00200 

00210 

00220 

00230 

00240 

00250 

00260 

00270 

00280 

00290 

00300 

00310 

00320 

00330 

00340 

00350 

00360 

00370 

00380 

00390 

00400 

00410 

00420 

00430 

00440 

00450 


TITL  DAM  NO. 4 
STRU  10  .15 

000  8.5  20  50  20  110  72  110 
72  95  134  95  134  24  275  24  275  14 
SOLT  1  1  30  0  .12  50 
-100  50 
SOST  30  0 

SORT  1  1  30  0  .12  24 
400  24 
I1ETH  1 

UATR  95  64  .0625  1 
2.813  5.492 
3 

0  5.492 
134  3.764 
275  3.319 
2.5  3.319 
UPLO  50  40 
END 
RERU 

TITL  LINE-OF-CREEP  SEEPAGE 

UATR  95  64  .0625  -1 

END 

NEU 

TITL  UPSTREAM  DAM  NO.  4A 
STRU  9  .15 

0  0  0  5  10  12  10  35  15  35 
15  30  35  5  45  5  45  0 
SOLT  1  1  30  0  .115  15 
-100  15 
SOST  34  .04 

SORT  1  1  34  .04  .126  5 
150  5 

UATR  32  15  .0625 

METH  2 

END 
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56.  The  echoprint  and  plot  of  input  data  for  Problem  4,  paragraph  51a, 


are  on  the  following  pages. 


PROGRAM  CSLIDE  -  ECHOPRINT 


DATE «  86/05/29. 


TIME »  15.30.16. 


DAH  NO. 4 


SINGLE  FAILURE  PLANE  ANALYSIS 


SEEPAGE  FORCE  COMPUTED  FROM  INPUT  PRESSURES. 


NO  OF  CORNERS  IN  STRUCTURE  — 

DENSITY  OF  CONCRETE  - 

DENSITY  OF  UATER  - 

UATER  LEUEL  LEFT  SIDE  - 

UATER  LEUEL  RIGHT  SIDE  - 

NO.  OF  SOIL  LAYERS  LEFT  SIDE  - 
NO.  OF  SOIL  LAYERS  RIGHT  SIDE 


10 

.  1500(KCF ) 
.0625OCCF) 
95. 00 ( FT  ) 
64.00<FT> 

1 

1 


STRUCTURE  INFORMATION 


POINT 


X-COORD 


Y-COORD 


.00 

.00 

20.00 

20.00 

72.00 

72.00 

134.00 

134.00 

275.00 

275.00 


.00 

8.50 

50.00 

110.00 

110.00 

95.00 

95.00 

24.00 

24.00 

14.00 
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LEFTSIDE  SOIL  DATA 
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INPUT  PRESSURES  ON  UEDGES 


LEFTSIDE 

UEDGES 

UEDGE  NO. 

TOP  PRESSURE 
( KSF  ) 

BOTTOM  PRESSURE 
(KSF  ) 

1 

2.813 

S  .492 

STRUCTURAL  UEDGE 

X-COORD. 
(FT  ) 

PRESSURE 
(  KSF  ) 

.00 
134.00 
275 . 00 

5.492 

3.764 

3.319 

RIGHTSIDE 

UEDGES 

UEDGE  NO. 

TOP  PRESSURE 
(KSF  ) 

BOTTOM  PRESSURE 
(KSF  ) 

3 

2.500 

3.319 

UERTICAL 

POINT  LOADS 

X-COORDINATE 

(FT) 


MAGNITUDE 
(KIPS  ) 
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57.  The  final  results  of  Problem  4,  paragraph  51a,  using  the  input 
seepage  pressures  are  shown  here,  followed  by  plots  of  the  failure  surface  and 
wedges . 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE*  86/05/29. 
DAM  NO. 4 


TIME*  11.58.36. 


SINGLE  FAILURE  PLANE  ANALVSIS 

SEEPAGE  FORCE  COMPUTED  FROM  INPUT  PRESSURES 


HORIZONTAL  LOADS 


UEDGE 

NUMBER 


LEFT  SIDE 
(KIPS  ) 


RIGHT  SIDE 
(KIPS) 


UERTICAL 

LOAD 

(KIPS) 


.000 

63.281 

.000 


.000 

50.000 

.000 


128.545 

498.550 

27.349 


UATER  PRESSURES  ON  UEDGES 
LEFTSIDE  WEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF  )  (KSF ) 


2.813  5.492 

STRUCTURAL  UEDGE 


X-COORD. 
(FT  ) 


.00 

134.00 

275.00 


PRESSURE 

(KSF) 


5.492 

3.764 

3.319 


vKmR 

•Si 

mm 

MM 


RIGHTSIDE  UEDGES 


STRUCTURAL  UEDGE 

491. SS 

- ,  + 

]e*48.> 


S3.S*__. 

2?9.9».*_ 


n 

n 

□ 

nurn 

u 

U 

i — > 

L —  3.79 

^_S«. 

.*.31.37 


J  2.91 
332 


UEDGE  i 


UEDGE  3 


Plots  of  failure  surface  and  wedges,  Problem  4 
paragraph  51a,  input  seepage  pressures 
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Edited  data  entered 


DO  VOU  UISH  TO  EDIT  DATA  AND  RERUN  PROBLEM? 
(ENTER  'Y'  OR  'N'  ) 

?  N 

*****  MODIFIED  PROBLEM  ENTERED  FROM  FILE  ***** 


INPUT  COMPLETE.  DO  YOU  UANT  TO  EDIT  DATA? 
ENTER  'V'  OR  'N' 

?  N 


58.  The  final  results  of  Problem  4,  paragraph  51b,  using  the  line-of 
creep  seepage  pressures,  are  printed  here  and  are  followed  by  plots  of  the 
failure  surface  and  wedges. 


PROGRAM  CSLIDE  -  FINAL  RESULTS 
DATE*  86/05/29.  TIME*  12.06.16. 

DAM  NO. 4 

LINE-OF-CREEP  SEEPAGE 


SINGLE  FAILURE  PLANE  ANALYSIS 

SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


HORIZONTAL  LOADS 

-  UERTICAL 

UEDGE  LEFT  SIDE  RIGHT  SIDE  LOAD 

NUMBER  (KIPS )  (KIPS)  (KIPS) 


UATER  PRESSURES 

ON  UEDGES 

LEFTSIDE  UEDGES 

UEDGE  NO. 

TOP  PRESSURE 
( KSF  ) 

BOTTOM  PRESSURE 
(KSF  ) 

1 

3.813 

5.649 

STRUCTURAL 

UEDGE 

X-COORD.  PRESSURE 

(FT)  (KSF) 

.00  5 

375.00  3 

.649 

.183 

RIGHTSIDE  UEDGES 

UEDGE  NO. 

TOP  PRESSURE 
(KSF  ) 

BOTTOM  PRESSURE 
(KSF  ) 

3 

3.500 

3.  183 

UEDGE 

NUMBER 

FAILURE 

ANGLE 

(DEG) 

TOTAL 

LENGTH 

(FT) 

UEIGHT  SUBMERGED 

OF  UEDGE  LENGTH 

(KIPS)  (FT) 

UPLIFT 

FORCE 

(KIPS) 

-47.743 

3.914 

43.358 


67.556 

375,356 

14.871 


136.387 

3048.100 

6.604 


67.556 

375.356 

14.871 


385.799 

1315.890 

43.353 


UEDGE 

NUMBER 


NET  FORCE 
ON  UEDGE 
(KIPS  ) 


-376.833 

345.376 

31.547 


SUM  OF  FORCES  ON  SYSTEM 
FACTOR  OF  SAFETY  - 


.000 

6.013 
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59.  A  comparison  of  water  pressures  on  the  failure  mechanism,  para¬ 
graphs  51a  and  b,  are  shown  in  the  following  drawings. 

FS  •  6.431 
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60.  The  message  shown  below  indicates  CSLIDE  has  read  the  data  for  the 
new  problem,  paragraph  51c.  A  plot  of  the  input  data,  the  final  results,  and 
plots  of  the  failure  surface  and  wedges  follow. 


Hew  data  entered 


INPUT  COMPLETE,  DO  VOU  WANT  TO  EDIT  DATA? 
ENTER  'Y'  OR  'N ' 

?  N 

DO  YOU  UANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL,  FILE,  BOTH,  OR  NEITHER? 

ENTER  * T ■ ,  *F "  ,  OR  'N* 

?  N 


1 


HP 

K 


v 


mz 


UPSTREAM  DAM  HO.  4A 


U  01  ^ 


RIGHTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE 
( KSF ) 

BOTTOM  PRESSURE 
(KSF) 

3 

.  635 

1.019 

UEDGE 

NUMBER 

FAILURE 

ANGLE 

(DEG) 

TOTAL 

LENGTH 

(FT) 

UEIGHT 

OF  UEDGE 
(KIPS) 

SUBMERGED 

LENGTH 

(FT) 

UPLIFT 

FORCE 

(KIPS) 

-54.1 

18.518 

9.365 

18.518 

86.085 

.000 

45.000 

99.000 

45.000 

68.416 

34.5 

8.888 

a.  898 

8 . 888 

7.257 

UEDGE  NET 

FORCE 

NUMBER  ON  UEDGE 

(KIPS) 


1  -25. 18? 
a  19.496 
3  5.691 


.000 


SUN  OF  FORCES  ON  SYSTEM 
FACTOR  OF  SAFETY  - 


1 .755 


Problem  5 


Summary 

61.  The  purpose  of  this  example  is  to  demonstrate  how  one  may  use 
CSLIDE  to  determine  the  net  forces  corresponding  to  a  specific  safety  factor. 
The  keyword  "FACT"  allows  the  user  to  enter  two  values  which  determine  the 
safety  factors  used  in  the  first  two  iterations  of  the  solution  process.  If 
the  safety  factor,  for  which  results  are  desired,  is  entered  for  both  of  thes 
values,  CSLIDE  produces  results  for  this  desired  safety  factor  only.  Unless 
this  safety  factor  happens  to  be  the  actual  one  which  produces  equilibrium 
conditions,  the  sum  of  the  net  forces  on  the  wedges  will  not  be  zero.  If  thi 
sum  is  a  positive  number,  the  actual  safety  factor  is  greater  than  the  one 
entered.  If  the  sum  is  negative,  the  actual  safety  factor  is  less  than  the 
one  entered.  In  this  example,  a  specific  safety  factor  is  input  and  results 
are  obtained.  The  original  default  values  are  used  in  a  second  analysis  and 
the  solution  converges  to  the  actual  safety  factor  at  which  equilibrium 
occurs.  Plots  of  the  solution  convergence  can  be  compared  for  both  of  the 
CSLIDE  analyses  to  show  how  this  option  works  in  the  program. 

Requirements 

62.  For  this  problem,  the  following  are  required: 

a.  Find  the  net  forces  on  the  system  shown  in  Figure  A10  for  a 
sliding  safety  factor  of  1.5. 

b.  Find  the  actual  safety  factor  of  this  system  in  equilibrium 
conditions . 
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Figure  A10.  Structure  and  soil  for  Problem  5 

63.  The  data  file  for  Problem  5,  the  echoprint  of  this  input  data,  and 
input  plot  are  shown  below. 

Data  File  for  Problem  5,  Paragraph  60a 


100  TITL  CSLIDE  *5 

110  STRU  S  .15 

120  0  50  0  7S  7  75  1 

130  22  60  35  60  35  55j 

140  SOLT  1  1  32  0  .115  60  ^ 


120  0  50  0  75  7 

130  22  60  35  60 

140  SOLT  1  1  32  0  .11 
150  -100  60 
160  SOST  32  0 
170  SORT  1  1  32  0  .11 
180  150  60 

190  UATR  70  62  .0625 
200  METH  1 
210  FACT  1.5  1.5  1. 

220  END 


115  60 


( IPT  GAHO 

Structure  Coordinates 
(NLT  LPTS  PHIL  COL  GAHL  STELL) 
Soil  Layer  Coordinate 
(PHIC  CCS) 

(NRT  RPTS  PHIR  COR  GAMR  STELR ) 
Soil  Layer  Coordinate 
(ULL  ULR  GAflU) 

(MEAN) 

( XLOU  UPPER  FACTOR) 
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Echoprint  of  input  data,  Problem  5,  paragraph  60a 


PROGRAM  CSLIDE  -  ECHOPRINT 


DATE*  86/06/04.  TIME*  08.54.29 


CSLIDE  *5 


SINGLE  FAILURE  PLANE  ANALVSIS 

SEEPAGE  FORCE  BY  LINE  OF  CREEP,  GRADIENT 
COMPUTED  USING  SHORTEST  SEEPAGE  PATH  . 


NO  OF  CORNERS  IN  STRUCTURE -  6 

DENSITY  OF  CONCRETE  -  .  1S00OCCF) 

DENSITY  OF  UATER  -  .0625(KCF) 

UATER  LEUEL  LEFT  SIDE -  ?0.00(FT) 

UATER  LEUEL  RIGHT  SIDE  -  62.00CFT) 

NO.  OF  SOIL  LAYERS  LEFT  SIDE -  1 

NO.  OF  SOIL  LAYERS  RIGHT  SIDE -  1 


STRUCTURE  INFORMATION 


POINT 

X-COORD 

Y-COORD 

1 

.00 

50.00 

2 

.00 

75.00 

3 

7.00 

75.00 

4 

22.00 

60.00 

5 

35.00 

60.00 

6 

35.00 

55.00 

v.v.vV; 
^.v.vV, 
v  v  >  vV 


wm 


;rrri 

‘/vW*, 

SSV-i' 

«  *  V  *  1 

V  V  /v/  i 
*,  V  V  V  % 

V  V  V  V  i 

•.v^Xy; 

V/VVv''- 

siri 


LEFTSIDE  SOIL  DATA 


LAYER 

NO. 

FRICTION 

ANGLE 

(DEG) 

COHESION 
(KSF  ) 

UNIT 
WEIGHT 
( KCF ) 

ELEU  AT 
STRUCTURE 
(FT  ) 

1 

32.00 

.0000 

.115 

60.00 

LAYER 

POINT 

NO.  1 

NO 

X-COORD 

Y-COORD 

1 

-100.00 

60.00 

SOIL  DATA 

BELOU  STRUCTURE 

FRICTION  ANGLE  - 

-  32.00 

COHESION  - 

-  .0000 

RIGHTSIDE 

SOIL  DATA 

FRICTION 

UNIT 

ELEU  AT 

LAYER 

ANGLE 

COHESION 

UEIGHT 

STRUCTURE 

NO. 

(DEG) 

(KSF  > 

(KCF  ) 

(FT) 

1  32.00  .0000  .115 

LAYER  POINT  NO.  1 

NO  X-COORD  Y-COORD 


1  150.00  60.00 

SAFETY  FACTOR  DESCRIPTION 


60.00 


LOUER  LIMIT  OF  F.S 
UPPER  LIMIT  OF  F.S 


1.50 

1.50 


64.  In  this  first  analysis,  equilibrium  was  not  achieved  due  to  the 
unbalanced  net  force  on  the  system.  Therefore,  the  label  "Stationary  Solu¬ 
tion"  appears  to  indicate  this  condition.  Results  of  the  stationary  solution 
for  Problem  5,  paragraph  60 a,  are  shown  below,  followed  by  the  failure  surface 
and  convergence  plots. 

STATIONARY  SOLUTION 


DATEt  86/06/04.  TIME  t  08.55.21. 

CSLIDE  *5 

SINGLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 

HORIZONTAL  LOADS 


UEDGE 

NUMBER 

LEFT  SIDE 
(KIPS) 

RIGHT  SIDE 
(KIPS) 

UERTICAL 

LOAD 

(KIPS) 

1 

.000 

.000 

4.167 

2 

3.125 

.125 

1.750 

3 

.000 

.000 

.937 

UATER  PRESSURES  ON  UEDGES 
LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
(KSF)  <  KSF  ) 

1  .625  1.151 

STRUCTURAL  UEDGE 


X-COORD.  PRESSURE 
(FT)  (KSF) 


RIGHTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE 
(KSF  ) 

BOTTOM  PRESSURE 
(KSF) 

3 

.125 

.487 

UEDGE 

NUNBER 

FAILURE 

ANGLE 

(DEG) 

TOTAL 

LENGTH 

(FT) 

WEIGHT 

OF  UEDGE 
(KIPS) 

SUBMERGED 

LENGTH 

(FT) 

UPLIFT 

FORCE 

(KIPS) 

1 

-56.307 

12.019 

3.834 

12.019 

10.671 

2 

8.130 

35.355 

72.000 

35.355 

28.953 

3 

33.693 

9.013 

2.156 

9.013 

2.759 

UEDGE  NET  FORCE 

NUMBER  ON  UEDGE 

(KIPS) 


1  -10.266 

2  27.914 

3  2.727 


The  positive  sum  of  forces  indicates  the  actual 
safety  factor  to  be  greater  than  1.5. 


All)  ) 
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Convergence  plots.  Problem  5,  paragraph 


PROGRAM  CSLXDE  -  FINAL  RESULTS 


DATEt  86/05/30. 
CSLIDE  *5 


TINE  *  15.20.47. 


SINGLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  CONPUTED  BV  LINE  OF  CREEP 


ritVri.1 


*:*u.*:*.*:« 


UEOGE 

NUMBER 

HORIZONTAL 

LEFT  SIDE 
(KIPS) 

LOADS 

RIGHT  SIDE 
(KIPS  ) 

UERTICAL 

LOAD 
(KIPS  ) 

h 

it 

! 

1 

.000 

.000 

5.975 

r 

r 

i 

2 

3.125 

.  125 

1.750 

3 

.000 

.000 

.654 

J 

UATER  PRESSURES  ON  UEDGES 

* 

LEFTSIDE 

UEDGES 

r 

UEOGE 

NO.  TOP  PRESSURE  BOTTOM  PRESSURE 

(  KSF  ) 

(KSF  ) 

J 

1 

.625 

1  . 151 

- 

STRUCTURAL  UEDGE 

X-COORD. 

PRESSURE 

(FT) 

(KSF  ) 

4 

*  _  ■ »  *  .  • 
/  V  .V.V.l 

,  .'/.’/.yft 

•  l  4  M  *  a  " 


RIGHTSIDE  UEDGES 


UEDGE  NO. 

TOP  PRESSURE 
(KSF  ) 

BOTTOM  PRESSURE 
(KSF  ) 

3 

.125 

.487 

UEDGE 

NUMBER 

FAILURE 

ANGLE 

(DEG) 

TOTAL 

LENGTH 

(FT) 

UEIGHT 

OF  UEDGE 
(KIPS) 

SUBMERGED 
LENGTH 
(FT  > 

UPLIFT 

FORCE 

(KIPS) 

1 

-46.288 

13.835 

5.497 

13.835 

12.283 

2 

8. 130 

35.355 

72 . 000 

35.355 

28.953 

3 

43.712 

7.236 

1.504 

7.236 

2.215 

UEDGE  NET  FORCE 

NUMBER  ON  UEDGE 

(KIPS) 


1  -11.731 

2  9.619 

3  2.113 


SUM  OF  FORCES  ON  SVSTEM  - 

FACTOR  OF  SAFETY  - 


.000 

13.887 


Actual  safety  factor 
for  equ i 1 ibr ium 
conditions.  The 
solution  has  converged. 


DO  YOU  UANT  TO  PLOT  RESULTS?  ENTER  'V'  OR  'N 


66.  The  concluding  material  for  Problem  5  includes  plots  of  the  failure 
surface  and  the  solution  convergence  for  paragraph  60b. 


CSLIDE  »S 


re 

ffl 


Problem  6 


Summary 

67.  This  example  problem  demonstrates  how  one  may  reduce  the  passive 
forces  in  a  CSLIDE  analysis.  In  cases  where  full  passive  resistance  does  not 
develop,  one  would  reduce  or  exclude  the  passive  force  in  the  sliding 
analysis.  The  retaining  wall  system  in  this  example  is  such  a  case.  An 
option  in  CSLIDE  called  the  passive-to-active  safety-factor  ratio  is  used  to 
increase  the  passive  safety  factor,  with  respect  to  the  active  safety  factor, 
thereby  reducing  passive  soil  resistance. 

68.  An  equilibrium  analysis  is  performed  to  determine  the  equilibrium 
safety  factor.  The  full  passive  resistance  for  this  system  can  be  obtained 
from  the  results  of  the  first  iteration,  in  which  the  safety  factor  is  one. 
The  value  of  this  fully  developed  passive  force  is  required  in  order  to  deter 
mine  how  much  it  is  actually  reduced  in  subsequent  analyses.  A  second  analy¬ 
sis  is  run  using  a  passive-to-active  ratio  (under  keyword  "FACT”)  of  4.0  to 
reduce  passive  resistance.  Results  are  discussed  following  the  CSLIDE 
solution. 

Requirements 

69.  For  this  problem,  the  following  are  required: 

a.  To  find  the  equilibrium  safety  factor  of  the  wall  shown  in 
Figure  All,  and  to  find  the  full  passive  force  value  from  the 
first  iteration  of  the  solution. 

b.  To  run  a  second  analysis  using  a  safety  factor  ratio  of  4.0 

(FS  ,  =  4 ,  FS  .  =1),  and  compare  the  net  forces  from 

passive  active 

both  analyses. 


TEMPORARY  RESULTS  AFTER  ITERATION  1 


DATE*  87/06/10.  TIME:  08.44.33. 

RETAINING  UALL  -  CHECK  FS  RATIO 
FSP/FSA  *1.0 

SINGLE  FAILURE  PLANE  ANALYSIS 
HYDROSTATIC  UATER  FORCE  COMPUTED  FOR  UEDGES 


UEDGE 

NUMBER 

HORIZONTAL 

LEFT  SIDE 
(ICIPS) 

LOADS 

RIGHT  SIDE 
(KIPS) 

VERTICAL 

LOAD 

(KIPS) 

1 

.000 

.000 

.000 

2 

.000 

.000 

.000 

3 

.000 

.000 

7 . 945 

4 

.000 

.000 

.000 

UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO. 


TOP  PRESSURE 
(KSF) 


BOTTOM  PRESSURE 
(KSF  ) 


1  .000  .000 

2  .000  .188 

STRUCTURAL  UEDGE 


X-COORD.  PRESSURE 
(FT)  (KSF) 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE l  86/06/04.  TIME »  11.59.36. 


RETAINING  UALL  -  CHECK  FS  RATIO 
FSP/FSA  -  1.0 


SINGLE  FAILURE  PLANE  ANALYSIS 

HYDROSTATIC  UATER  FORCE  COMPUTED  FOR  UEDGES 


HORIZONTAL  LOADS 


UEDGE 

NUMBER 

LEFT  SIDE 
(KIPS  ) 

RIGHT  SIDE 
(KIPS  ) 

VERTICAL 
LOAD 
(KIPS  ) 

1 

.000 

.000 

.000 

2 

.000 

.000 

.000 

3 

.000 

.000 

7.94S 

4 

.000 

.000 

.000 

UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF  )  ( KSF  ) 


1  .000  .000 

2  .000  .188 

STRUCTURAL  UEDGE 


X-COORD .  PRESSURE  ERR.. 


wwrvv 


1  rvc  r\W  'X' 


RIGHTSIDE  UEDGES 


UEDGE  MO.  TOP  PRESSURE  BOTTOM  PRESSURE 


(KSF  ) 

(KSF  ) 

4 

.000 

.188 

UEDGE 

FAILURE 

TOTAL 

WEIGHT 

SUBMERGED 

UPLIFT 

NUMBER 

ANGLE 

LENGTH 

OF  UEDGE 

LENGTH 

FORCE 

(DEG) 

(FT) 

(KIPS  ) 

(FT  ) 

(KIPS  ) 

1 

-52.707 

15.084 

5.928 

.000 

.000 

2 

-52.707 

3.771 

3.200 

3.771 

.  354 

3 

.000 

14.000 

10.238 

14.000 

2.625 

4 

35.426 

5.176 

.759 

5.176 

.  485 

UEDGE  NET 

FORCE 

NUMBER  ON 

UEDGE 

(KIPS  ) 

1  -3.933 

2  -2.262 

3  5.402 


4  .793 

SUM  OF  FORCES  ON  SYSTEM  -  .000 

FACTOR  OF  SAFETY -  1.800 
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71.  Data  is  edited  with  keywords  to  change  the  FS  ratio  to  4.0  for  the 
second  analysis.  Final  results  are  shown  below. 


Input  an 
FS  Ratio  of  4.0 


DO  YOU  UANT  TO  EDIT  YOUR  DATA? 
?  Y 


DO  YOU  WANT  TO  EDIT  USING  KEVUORDS 
OR  SECTIONS  ?  (ENTER  *  K  "  OR  *S*) 

?  < 


ENTER  KEYUORD .  TYPE  'END*  TO  EXIT,  ’LIST' 
TO  LIST  KEYUORDS 
>?  FACT  .5  1.5  4.0 


NEXT? 
?  END 


PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE:  86/06/04. 


TIME:  12.12.55, 


RETAINING  UALL  -  CHECK  FS  RATIO 
FSP/FSA  *  1.0 


SINGLE  FAILURE  PLANE  ANALYSIS 

HYDROSTATIC  UATER  FORCE  COMPUTED  FOR  UEDGES 


HORIZONTAL  LOADS 


UEDGE 

NUMBER 


LEFT  SIDE 
(KIPS  ) 


RIGHT  SIDE 
(KIPS  ) 


UERTICAL 
LOAD 
( KIPS  ) 


1 

.000 

.000 

.000 

2 

.  000 

.  000 

.  000 

3 

.  000 

.  000 

7 . 945 

4 

.  000 

.000 

.  000 

,<•  \’\m  AV-1 


.  ..  W 


UATER  PRESSURES  ON  UEDGES 


LEFTSIDE  UEDGES 


UEDGE  NO.  TOP  PRESSURE  BOTTOM  PRESSURE 
( KSF )  ( KSF  ) 


1  .000  .000 

2  .000  .188 

STRUCTURAL  UEOGE 


X-COORD. 

PRESSURE 

(FT  ) 

(KSF  ) 

.00 

.188 

14.00 

.  188 

RIGHTSIDE 

UEDGES 

UEDGE  NO. 


TOP  PRESSURE  BOTTOM  PRESSURE 
(KSF)  (KSF) 


4 


.000 


.  188 


UEDGE  FAILURE 

NUMBER  ANGLE 

(DEG) 


TOTAL 
LENGTH 
(FT  ) 


UEIGHT 
OF  UEDGE 
(KIPS  ) 


SUBMERGED 
LENGTH 
(FT  ) 


UPLIFT 
FORCE 
(KIPS  ) 


1 

-52.923 

15.041 

5.879 

.000 

.000 

2 

-52.923 

3.760 

3. 174 

3.760 

.  353 

3 

.000 

14.000 

10.238 

14.000 

2.625 

4 

42.466 

4.443 

.590 

4.443 

.417 

UEDGE  NET  FORCE 

NUMBER  ON  UEDGE 

(KIPS  ) 


1  -3.875 

2  -2.234 

3  5.519 

4  .590 


The  safety  factor  shown 
is  for  the  active  side  and 
structural  wedge  only. 

Therefore  the  passive  side 
has  a  safety  factor  of 

1.7G1  X  4  ■  7.044 


SUM  OF  FORCES  ON  SVSTEM  -  .000 

FACTOR  OF  SAFETY -  1.761 


134.50  61.50 
ST  32  0 
TH  a 

TR  49.96  49 

AC  .00  .30 

CT  1.10  1. 


(PHIC  CCS) 

(MEAN) 

49.96  .eeas  -i  cull  ulr  gapiu  s> 

30  (EQUT  EQHO  ) 

1.10  1  CXLOU  UPPER  FACTOR) 
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Fchoprint  of  Input  Data  -  Problem 


PROGRAM  CSLIDE  -  ECHOPRINT 


DATE*  86/07/01. 


U-UALL  CHANNEL 


TIME i  14.09.05. 


MULTI  FAILURE  PLANE  ANALYSIS 

HYDROSTATIC  UATER  FORCE  COMPUTED  FOR  UEDGES 


v&vS; 


NO  OF  CORNERS  IN  STRUCTURE 

DENSITY  OF  CONCRETE  - 

DENSITY  OF  UATER  - 

UATER  LEUEL  LEFT  SIDE  - 

UATER  LEUEL  RIGHT  SIDE  - 

NO.  OF  SOIL  LAYERS  LEFT  SIDE  - 
NO.  OF  SOIL  LAYERS  RIGHT  SIDE 


ELEU.  OF  UEDGE-STRUCTURE  INTERSECTION 
ON  ACTIUE  SIDE  OF  STRUCTURE  - 

STRUCTURE  INFORMATION 

POINT 

X-COORD 

V-CCORD 

1 

56.85 

46.96 

2 

56.85 

48.96 

3 

57.35 

48.96 

4 

58.17 

61.20 

5 

59.00 

61.20 

6 

59.00 

48.96 

7 

60.88 

48.75 

8 

79.12 

48.75 

9 

81.00 

48.96 

10 

81.00 

61.20 

11 

81.83 

61.20 

12 

82.65 

48.96 

13 

83.15 

48.96 

14 

83.15 

46.96 

50.00  X 

OF  THE  STRUCTURAL 

BASE  IS 

14 

. 1500 ( KCF  ) 
.0625OCCF) 
49. 96 (FT) 
49.96CFT) 

1 

1 


46 . 960 ( FT ) 


• 

V'VoV' 

•  v\Vji 
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rv.v,  -v* 
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LEFTSIDE  SOIL  DATA 


LAVER 

NO. 


FRICTION 

ANGLE 

(DEG) 


COHESION 
(KSF ) 


UNIT 
UEIGHT 
( KCF  ) 


ELEU  AT 
STRUCTURE 
(FT) 


30.00 


.0000 


.130 


60.70 


LAVER  POINT  NO.  1  POINT  NO.  2  POINT  NO.  3 

NO  X-COORD  V-COORD  X-COORD  V-COORD  X-COORD  V-COORD 


3.50 


64.00  16.50  64.00  24.50 


62.00 


LAVER  POINT  NO.  4  POINT  NO.  5 

NO  X-COORD  V-COORD  X-COORD  V-COORD 


48.00 


60.50  50.00  60.70 


SOIL  DATA  BELOU  STRUCTURE 


FRICTION  ANGLE 
COHESION  - 


32.00 

.0000 


/VVVVW 
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Plot  of  input  data 


78.  Results  of  the  U-wall  analysis  and  plots  of  the  failure  surface  and 
wedges  are  shown  on  the  following  pages.  The  heading,  Stationary  Solution 
indicates  the  solution  did  not  converge  because  the  safety  factor  was  fixed  in 
the  input  using  the  "FACT"  command. 

STATIONARY  SOLUTION 


DATE*  86/06/30.  TINE*  16.44.37. 

U-UALL  CHANNEL 

MULTIPLE  FAILURE  PLANE  ANALYSIS 
HYDROSTATIC  UATER  FORCE  COMPUTED  FOR  UEDGES 


HORIZONTAL 

LOADS 

VERTICAL 

UEDGE 

LEFT  SIDE 

RIGHT  SIDE 

LOAD 

NUMBER 

(KIPS) 

(KIPS) 

(KIPS  ) 

1 

2.296 

.000 

.000 

2 

2.907 

.000 

2.727 

3 

4.490 

.  000 

.000 

UATER  PRESSURES 

ON  UEDGES 

LEFTSIDE  UEDGES 

UEDGE 

NO.  TOP  PRESSURE  BOTTOM  PRESSURE 

(KSF  ) 

(KSF  ) 

1  .000 

.188 

STRUCTURAL 

UEDGE 

X-COORD.  PRESSURE 
C  FT  )  (  KSF  ) 


56.85  .188 

83.15  .188 


A! 


-\v; 


v'-V  .r 


RIGHTSIDE  VJEDGES 


UEDGE  NO. 

TOP  PRESSURE 

BOTTOM  PRESSURE 

<  KSF ) 

(KSF  ) 

3 

.000 

.188 

UEDGE 

FAILURE 

TOTAL 

UEIGHT 

SUBMERGED 

UPLIFT 

NUMBER 

ANGLE 

LENGTH 

OF  UEDGE 

LENGTH 

FORCE 

(DEG) 

(FT) 

(KIPS) 

(FT) 

(KIPS) 

1 

-46.7 

18.953 

11.482 

4.119 

.386 

2 

.000 

26.300 

11.810 

26.300 

4.931 

3 

27.9 

29.364 

22.452 

6.421 

.602 

UEDGE 

NET 

FORCE 

NUMBER  ON  UEDGE 

(KIPS) 


1  -6.452 


2  2.549 

3  27.740 

SUM  OF  FORCES  ON  SVSTEM  -  23.837 

FACTOR  OF  SAFETY -  1.100 


*  NOTE  *  THE  SOLUTION  HAS  NOT  CONVERGED 


U-UOLL  CHANNEL 


FS  -  1.100 


Plot  of  failure  surface 


U-UALL  CHANftL 

IIEDGE  T~ 


FS  -  1.100  SUBHERGED  LENGTH  -  -1.119 
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Problem 


Description 


Hand-calculated  iterations  using  trial 
safety  factors  to  determine  the  failure 
mechanism  and  safety  factor  of  a  retaining 
wall  supporting  a  sloped  backfill. 

Comments  on  failure  angle  hand  calculations 
for  wedges  that  do  not  meet  the  Coulomb 
wedge  criteria. 

CSLIDE  analysis  and  comparison  of  hand  and 
CSLIDE  results. 


Hand-calculated  iterations  for  the  safety 
factor  and  failure  mechanism  of  a  gravity 
dam. 

CSLIDE  analysis  and  a  hand  check  of  the 
CSLIDE  safety  factor. 
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Problem  1 


4.  The  following  is  a  discussion  of  certain  parts  of  the  procedure  used 
in  the  hand  solution  of  Problem  1. 

5.  Use  of  the  Coulomb  method  for  computing  a  failure  plane  angle  of 

a  =  (45  t  <i>  / 2)  through  a  soil  layer  requires  that  the  following  conditions  be 
d 

met : 

a.  The  soil  layer  in  which  a  wedge  is  formed  must  he  a  horizontal 
uni  form  1 ayer . 

b.  The  soil  layer  must  be  completely  saturated  or  completely 
unsaturated . 

c.  Tf  external  loads  or  other  soil  layers  are  present,  they  must  be 

uniform  over  the  entire  surface  of  the  soil  layer. 

6.  In  this  problem,  the  top  soil  layer  on  the  active  side  (left)  is 

sloped  (see  Figure  Bl).  To  calculate  a  trial  failure  angle  for  wedge  1,  the 
following  hand  solution  uses  an  equation  presented  in  the  draft  Fngineer  Man¬ 
ual,  "T-Wall  Manual,  Retaining  and  Flood  Walls.''*  This  appears  in  Problem  1, 
paragraph  9b. 

7.  Wedge  2  forms  in  soil  layer  2,  which  has  a  horiz.ontal  surface.  How¬ 
ever,  the  soil  of  layer  1,  which  acts  as  a  surcharge  on  layer  2,  is  sloped, 

making  it  a  nonuni  form  surcharge.  The  hand  solution  uses  f45  +  6  /?)  to  cal¬ 
culate  trial  failure  angles  for  this  wedge,  because  no  technique  which  ac¬ 
counts  for  these  conditions  had  been  found  at  the  time  this  hand  solution  was 
performed . 


*  Headquarters,  Department  of  the  Armv.  in  preparation.  "Retaining  and 
Flood  Wal Is . " 


Trial  1 


wedge  2. 
known. 


FS  =  1.0 


Hand  Solution — Problem  1 


For  the  first  iteration,  use  a  safety  factor  of  1.00  and  begin  with 
The  geometry  of  wedge  1  cannot  be  found  until  geometry  of  wedge  2  is 


Wedge  2 


Trial  failure  angle: 


«2  •  45  +  r) 


t3n  *2  tan  30° 


tan  *d  *  FS  =  1.0 


♦d  =  3°C 


*2  -  - U5  +  ~  =  -60' 


sin  ~  -0.8660 


cos  *  -0.6000 
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Hand  Solution  (Continued) 


FS  =  1 
Wedge  2 


Width,  B  = 


12 


2  tan  60 


=  6.928' 


Submerged 


12 


length,  L  =  — - 777-5-  =  13.857' 

°  2  sm  60 


h  =  B  tan  15°  =  1.856' 


M  =  12  +  h  =  14.134' 


Weight,  W,,  =  0.125  kef 


[j-  (6.928  x  12)1 


.928  x  12) 

+  0.120  kcfl^-  (14.134  +  12.278)  x  6.928 


.  J_ 
2 


W2  =  16.175 


Uplift,  U2  =  ~  (0  +  0.613)ksf (13.857')  =  4.247  k 

No  external  loads:  V_  =  H  =  H  =0 

2  L2  R2 


a.  Calculate  the  net  force  on  the  wedge  using  the  general  wedge 
equat ion . 


r (16. 175k)0.5000  -  4 . 247k 1  tan  30 


p  -  p 
1  2 


1  .0 


0.5000  -  (-0.8660) 


PL  -  P2  =  -11.790 


-  +  (16.1 75k) (-0.8660) 

tan  30° 

1  .0 


(Continued) 
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Hand  Solution  (Continued) 


FS  «  1.0 


Wedge  1 


Failure  angle,  : 

b.  The  equations  shown  below  are  taken  from  the  draft  EM, 
ing  and  Flood  Walls." 


"Retain- 


For  the  case  of  a  cohesionless  backfill  with  an  unbroken  top 
surface,  the  failure  angle  can  be  approximated  by... 


where 

c  =2  tan  <j> 

1  d 


tan  <f>.(l  -  tan  f>.  tan  8)  -  tan  P 
_  _ d _ d _ 

C2  tan  <}> 

a 

8  =  slope  of  backfill  surface 

<P  =  developed  ('effective!  friction  angle 
d 


((.out  i  nued) 
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v.V.V. 


FS  =  1.0 
Wedge  3 


Hand  Solution  (Continued) 


Mi 


L3  =Wi.652  +  16. 52  =  16.582' 


U3  =  |  (0.613  +  0.321)kcf(16. 582 ' )  =  7.744k 


V3  =  soil  weight 


ivwv 

sp 

Ov'Mk&i 


m 


0.120  kef  j  (2.278  x  8.5)  +  ~  (10'  x  0.541’) 

(10  x  7.959)  +  0.125  kef  <^(7.5  x  8.5) 

~  [8.5  x  (1  -  0.541)]  +|  (1.5  x  7.5)J> 


+  (10  x  7.959)  +  0.125  kef 


+  0. 125  kef (2.35  x  6.5) 


V3  =  21.862 


HL  =  hr  =  ° 
L3  K3 


*  ■" 


SWSis: 


Net  force: 


P  -  P  = 
2  3 


[(11.473  +  2 1 . 862 ) cos  a3  -  7.744]  20  +  (11.473  +  21.862)sin  «3 

”  tan  30° 
cos  a3  -  sin  a3  j — g — 


P2  -  P3  =  19.218 


( Cont inued ) 
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4.35 


Hand  Solution  (Continued) 


FS  =  1.0 


Wedge  4 


cos  a,  =  0.866 
4 


«4  "  45  -  f 


=  30° 


sin  a,  =0.5 
4 


submerged 


4.35 


length,  L,  sin  30 
4 


8.700' 


width,  B4  =  (cos  30°)  8.7'  =  7.534' 


(4.35  *  7.534)J 


weight,  W4  =  0.125  kcf{^  (4.35  *  7.534)|  =  2.048' 


uplift,  U4  =  j  (0.321  +  0. )ksf  (8.7')  =  1 . 396k 


V,  =  Hl  =  Hp  =0 


4  "h, 


Net  force: 


k  Mn  4n° 

[(2.048  )0. 866  -  1.396]  4  (2 .048)  (0. 5) 


P  -  P 
3  4 


.0 


0.866  -  0.5 


(tan  30° \ 

V  1.0  ) 


P4  -  P4  = 


(Continued) 
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FS  =  1.0 
Wedge  4 


Hand  Solution  (Continued) 


d.  The  fum  of  all  the  net  forces  on  the  svsteir.  is  as  follows: 


£<a-, 


«  -11.790k  -  4.817k  +  19 . 218k  +  2.]5lk 


* 

&■&' 


4.762 


e.  This  sum  of  forces  greater  than  zero  means  that  the  safety 
factor  is  greater  than  1.0. 


Trial  2 


10.  For  the  second  iteration,  use  a  trial  FS  equal  to  2.0. 


FS  =  2.0 


Wedge  2 


sin  = 


'  45  +f 


-53.051° 


-0.799 


-1  [  tan  30 


=  16.102' 


cos  - 


0.601 


■\ 

-Cv.Vvij 

'.[-vy.yS 

>.  f.v:/) 

•  J 

VA  '.V .  ^ 

vN-'>2yCl 

>4-Vv\] 

-’VAN 

.vV^aVJ 

.vvsSv*1 

•  A  A  ■>  .  4 

* 


(Cont inued ) 
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Hand  Solution  (Continued ) 


Wedge  3,  Structure 


[  (33.335) (0.995)  -  7.744  ]  ~  ]°° 


+  (33.335)0.1.00 


Hand  Solution  (Concluded) 


The  sum  of  net  forces  for  FS  =  1.17  is  as  follows: 


P  )  =  —13. 08 1 k  -  5 . 8 1 9 k  +  1 6 . 7 9 2 k  +  1.952k 
i 


=  -0.156 


13.  The  actual  FS  is  slightly  less  than  1.17,  approximately  1.15. 

14.  CSLTDE  is  used  to  analyze  this  problem.  The  CSLIDF.  results  are 
compared  with  the  long-hand  calculations. 
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15.  The  data  file  for  the  CSLIDE  analysis  of  Problem  1  is  shown  below. 


OLD.RETUL 


/  LIST 

00100 

TITl 

INCLINED  BACKFILL 

0011® 

STRU 

8  .15 

•eise 

100 

100  100  102 

eei3e 

107. 

5  103.5  108.5 

122 

00140 

110 

122  110  103.65 

001S0 

116.! 

5  103.65  116.5 

101.65 

00160 

SOLT 

1  1  30  0  .12 

122 

00170 

-100 

177.8674 

00180 

SOLT 

2  1  30  0  .125 

112 

00190 

-100 

112 

00S00 

SOST 

30  0 

00210 

SORT 

1  1  30  0  .125 

106 

00220 

200 

106 

00230 

PIETH 

2 

00240 

UATR 

112  106  .0625 

00250 

END 

/ 


ft;##:- 

ft#ft# 


WvSV 

is 


Wvi' 

“  a  *  n  •  j.  m  m  *  — *% 


O'QflvUvd 

W$£ft 


■.•?-•:■■■<- 


-'.<•  .y '-v*\ 

•  —  "•  « ■  «•  •  •*  "  »  ■ 


H 


1 1 


r^JwS 

^  *  \  fc  1  J 


VvVs'V 
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I'.Vv' 

• .  • ,  • .  * \ » _  i 


16.  The  echoprlnt  of  the  input  data  to  Problem  1  is  shown  on  the 


following  pages. 


IS  INPUT  FROM  TERMINAL  OR  FILE? 

ENTER  * T *  OR  'F* 

?  F 

ENTER  DATA  FILE  NAME  (MAXIMUM  7  CHARACTERS) 
?  RETUL 

INPUT  COMPLETE.  DO  YOU  UANT  TO  EDIT  DATA? 
ENTER  'Y'  OR  ' N ' 

?  N 

DO  YOU  UANT  INPUT  DATA  ECHOPRINTED  TO  YOUR 
TERMINAL.  FILE.  BOTH,  OR  NEITHER? 

ENTER  ,T*.  •F*.  'B'  OR  *N* 

^  T 


PROGRAM  CSLIDE  -  ECHOPRINT 


DATE'  86/06/11 .  TIME-  14  08.25. 


INCLINED  BACKFILL 

MULTI  FAILURE  PLANE  ANALYSIS 

SEEPAGE  FORCE  BY  LINE  OF  CREEP.  GRADIENT 
COMPUTED  USING  SHORTEST  SEEPAGE  PATH  . 

NO  OF  CORNERS  IN  STRUCTURE - - -  8 

DENSITY  OF  CONCRETE  -  1500(KCF) 

DENSITY  OF  UATER  -  062SCKCF) 

UATER  LEUEL  LEFT  SIDE -  112  00CFT) 

UATER  LEUEL  RIGHT  SIDE -  106  00CFT) 

NO  OF  SOIL  LAYERS  LEFT  SIDE -  2 

NO  OF  SOIL  LAYERS  RIGHT  SIDE -  1 


STRUCTURE  INFORMATION 


POINT 

X-COORD 

Y-COORD 

1 

100  00 

100 . 00 

2 

100.00 

102.00 

3 

10?  S0 

103.50 

4 

108  50 

122.00 

5 

110.00 

122.00 

6 

110  00 

103.65 

7 

116.50 

103.65 

8 

116.50 

101.65 

LEFTSIDE 

SOIL  DATA 

LAYER 

NO 

FRICTION 

ANGLE 

(DEG) 

COHESION 

(KSF) 

UNIT 

WEIGHT 

(KCF) 

ELEU  AT 
STRUCTURE 
(FT) 

1 

30  00 

.  0000 

.  120 

122  00 

2 

30  00 

.0000 

125 

112  00 

LAYER 

POINT 

NO  1 

NO 

X-COORD 

Y-COORD 

1 

-100  00 

177  87 

2 

-100.00 

112  00 

SOIL  DATA  BELOU  STRUCTURE 


FRICTION  ANGLE -  30  00 

COHESION -  0000 


1 1 


£1 


•  •■'4 


.  A 


>  .*■ 


vv 

>  • 

Vv'VV-  >•.'*« 
•  vv 

'.V.V. -'.V..-.  > 

»  • 


.►  V 
-  \  *. 
v.V 


V  Vv’.-  V 

V  *.•  V  V  . 

w  “  -w  *.  . 

A.  A.  A.  A  A 

>  • 

^nV-.Wv 

VV V V  v V 
vv V V V  V 

'** i.  *  ■ 

,<»  >",  A.  A,  A.  A. 


w.  v.  «', 

VV.«  V  a  v\ 

.»  *-  A  ••  A.  A  . 

v'/v  v' 
VaV\\*Vvn 
v>Vnan  v>> 
>>.Va.W 

»  •  — 

sKRSK-'S'l 


EyJ 

aJ 


.  A.  ,'7a.  ,  , 

v.”  v  V  s  ' 


,s  .v.v  » - 
■  S.vs. 


RIGHTSIDE  SOIL  DATA 


FRICTION 
LAVER  ANGLE 

NO  (DEG) 


COHESION 
( KSF  ) 


UNIT 
UEIGHT 
( KCF  ) 


ELEU  AT 
STRUCTURE 
(FT) 


30 . 00 


LAVER  POINT  NO  1 

NO  X-COORD  Y-COORD 


1  200  00  106  00 


0000 


106  00 


C"V>N/“ 


*■  -*  -  * 

v  Vv  v 
.s 

• 

V  ,■//  .* 


DO  VOU  UANT  TO  PLOT  THE  INPUT  DATA.  ENTER  'V'  OR  'N‘ 

-?  y 


17.  A  plot  of  the  Input  data  is  shown,  followed  by  the  final  results  of 
this  analysis. 
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PROGRAM  CSLIDE  -  FINAL  RESULTS 


DATE  86/06/11. 

INCLINED  BACKFILL 

MULTIPLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 


TIME-  14.11  30 


HORIZONTAL  LOADS 


UEDGE 

NUMBER 


LEFT  SIDE 
(KIPS) 


RIGHT  SIDE 
(KIPS  ) 


UERTICAL 
LOAD 
(KIPS  ) 


1 

000 

000 

000 

2 

000 

000 

000 

3 

000 

000 

21  863 

4 

000 

000 

000 

•  V  V  , 

V  *  '-r  J 


.*  /  „■ 

-  »  ■  *  1  » 

-  *  »  •  .  - 


-  .  A  < 

■  .  "J 


Y«\  A  A 

I  '  »  '  .1 


A'-V  •  ! 

v\-\-vv: 

vVv-Vv 

\  S'Vl 


V'vVVVX 


s-wSlv*-/ 


•  -V  i.v  ■  •  ■  ■  >  -  .1  - 


M 

,1 

I 


il, 


UEDGE 

NUMBER 

FAILURE 

ANGLE 

(DEG) 

TOTAL 
LENGTH 
(FT  ) 

WEIGHT 

OF  UEDGE 
(KIPS  ) 

SUBMERGED 
LENGTH 
(FT  ) 

UPLIFT 
FORCE 
(KIPS  ) 

1 

-51  6 

23  338 

12 . 530 

000 

000 

2 

-56  5 

14  390 

18  673 

14  390 

4  413 

3 

5  711 

16  582 

11  473 

16  582 

7  750 

4 

31  7 

8  278 

1  915 

8  278 

1  330 

UEDGE 

NUMBER 


NET  FORCE 
ON  UEDGE 
(KIPS  ) 


-S  860 
-13  0-41 
16  937 
1  964 


SUN  OF  FORCES  ON  SYSTEM  - 


.  •r.  r  * 

v  vN.v 
v.vv;. 
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s  4,  \  V 
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•  Vs'/ 

.y..wv 

c! 


FACTOR  OF  SAFETY 


1  156 


:vy;-: 

'.vYV- 


N  .  ‘l 


»V?i 


18.  The  plot  of  the  failure  surface,  wedges  1,  2,  structural  wedge, 
and  4  are  shown  respectively  on  the  following  pages. 


INCLINED  BACKFILL 


FS  ■  1  156 


■V/V> 

;v^>vv 


v_y  ".\v jv 


«r*.  w  w/ ^ 


v/>  vVss> 


Trial  1 


25.  For  the  first  iteration  in  the  hand  solution  of  Problem  2,  use  a 
safety  factor  of  1.0  and  begin  with  wedge  1. 


Hand  Solution,  Problem  2 


Wedge  1 


Dimensions : 


V1 

U, 


-1 

tan 


C^) 


36° 


~(45  +  t)  =  _63° 
20 ' 

— =  22.447' 
sin  a ^ 

on ' 

— — —  =  10.191  ' 
tan  aj 


30y  (B)  =  19 . 108k 
w 

I  (1.875  +  2.850)  ksf  (Lj) 
53.031k 

|  (20’  x  B) (0 . 1 32  kef) 

1 3 . 452k 
0 
0 


p  -  P, 
o  1 


(13.452k  +  19.108k)cos  a  -  53.031 


k.  tan  36° 

J  1-0 


( 1 3 . 452k  +  19. 108k)sin  a 


~  „  /'tan  36°\ 

l  "  sin  l(  1.0  J 


P  -  P,  =  -51 . 574k 
o  1 


w  J 


•  — < 

vvv'v'’ 
Vv'“/V' 
'•vs  .<-.41 

VV\-V 


v  ^ 

v  ■.  V 


(Cont inued) 
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FS  =  10.0; 


Hand  Solution  (Continued) 


Wedge 


a.  All  the  forces  and  dimensions  of  this  wedge  remain  the  same 
throughout  the  iterations.  Therefore,  the  only  change  in  the 
net  force  is  from  the  change  in  the  safety  factor. 


(248 . 1 98k)  ty^- q4°  +  37.504k 


0.9864  -  0.1644 


/tan  24 °\ 

\  10.0  ) 


Wedge  3 


4.155 

2 


42 . 922‘ 


sin  =  0.6810 
cos  =  0.7323 


L  =  10  - 

3  sin  a. 


=  14.684' 


•  A'.'] 


5 

■WA’Jw! 

vV/V/V 

vVVVVVj 

&&& 


a: 

-vv-; 

KV5 

P1  “  P2  =  49-592k 

* 

• 

V.’.-.V 

v.v.v 

Vi 

/..-vv-W. 

vV  .'vVv 

v  *»  •/  V  V  *«  ’ 
»/-/  /»1'  < 

V  v  *,■  V  /  i 

>Jviw! 

/'/V/V/l 


B  =  -ill—  =  10.753' 
3  tan 


W3  =  ^  (10'  x  10. 753 '>(0.132  kef)  =  7.097k 


U3  =  j  (1.388  +  0 . 625) ksf  (14.684')  =  14.779k 


V,  =  10v  (10.753')  =  6.721 
3  'w 


H  =  H  =0 

T-3  R3 


( Con  t i nued ) 
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Hand  Solution  (Continued! 

FS  =  10.0 
Wedge  3 
Net  force: 


P  ,  -  P.,  = 


f"  '1  T '  ° 

[(13.818)0.7323  -  14.779  ]  ^  ■  +  (13.818  )0.6810 


0.7323  -  0.6810 


Pn  -  P.,  =  13.285 


tan  36° 

~oTo 


b.  The  sum  of  net  forces  for  Trial  2,  FS  =  10.0  ,  is  as  follows: 

Y  (P.  ,  -  P.)  =  -61.653  +  49.592  4  13.285  =  1.224k 

*—•  l-l  i 

The  result  indicates  the  actual  safety  factor  is  slightly 
greater  than  10.0. 

27.  The  results  of  graphical  and  linear  extrapolation  for  the  next 
safety  factor  to  be  used  are  shown  on  the  following  page. 


(Cont inued) 
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Hand  Solution  (Continued) 


NET  FORCE 
1  31  295k 
1.224k 


LINEARLY,  FS  =  10.085 


BY  GRAPHICAL 
EXTRAPOLATION. 
FS  ==  10.1  & 

S.P  =  0 


( Con t i nued ) 


>^\N 


•.  *■ 


vv?vy 

vS  v’ 


NV.v^ 
V  V  V 

•yyv- 

j>>v  V 
.VA.V. 


...'.y.y 


V' 


L-\-Vvj 


if 


(Shoot  8  of  11) 


Hand  Solution  (Continued) 


Trial  3 


28.  For  the  third  iteration,  use  a  trial  FS  equal  to  10.1. 


FS  =  10.1 


Wedge  1 


<j>  .  =  tan 
d 


-  1 /tan  36 r 


=  4.114° 


70.  =  ~r5°  +  -47 ,057‘ 


sin  a  =  -0.7320 


cos  Oj  =  0.6813 


L,  =  —  =  27.322' 

1  sm  Uj 


B .  =  ------  =  18.613’ 

I  tan  a, 


W  =  ~  (20’  x  18. 613') (0.1 32  kef)  =  24.569k 


V,  =  30Y  (18.613')  =  34.899 
1  w 


U1  =  |  (1.875  +  2 . 850) ksf  (27.322')  =  64.548k 


Net  force: 


[  (59.469k)0.681  3  -  64.54Pk'  ■— 


P  -  P.  = 
o  1 


O.uSl 


P  -  P  =-61. 666 
o  1 
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29.  The  data  file  for  the  CSLIDE  analysis  is  shown  below,  followed  by 
the  echoprint  of  this  input  data. 


00100  titl  check  hand  solution  for  dan  #a 

00110  STRU  S  .15 

00120  40  30  40  90  60  90  100  50  100  40 
0O130  SOLT  1  1  36  0  .132  50 
O014O  -300  50 

00150  SORT  1  1  36  0  .132  50 

00160  300  50 

00170  SOST  24  O 

00180  METH  1 

00190  UATR  80  60  .0625 

0O200  END 
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PROGRAM  CSLIDE  -  ECHOPRINT 


DATE*  86/06/19. 


TIME*  13.38.49. 


CHECK  HAND  SOLUTION  FOR  DAN  *2 


SINGLE  FAILURE  PLANE  ANALYSIS 

SEEPAGE  FORCE  BY  LINE  OF  CREEP,  GRADIENT 
COMPUTED  USING  SHORTEST  SEEPAGE  PATH  . 


NO  OF  CORNERS  IN  STRUCTURE -  5 

DENSITY  OF  CONCRETE  -  . 1500(KCF) 

DENSITY  OF  UATER -  .0625 (ICC F  ) 

WATER  LEUEL  LEFT  SIDE -  80.00CFT ) 

UATER  LEUEL  RIGHT  SIDE  -  b0.00(FT ) 

NO.  OF  SOIL  LAYERS  LEFT  SIDE -  1 

NO.  OF  SOIL  LAYERS  RIGHT  SIDE -  1 


STRUCTURE  INFORMATION 


POINT  X-COORD  Y-COORD 


1  40.00 

2  40.00 

3  60.00 

4  100.00 

5  100.00 

i 

! 

LEFTSIDE  SOIL  DATA 


30.00 

90.00 

90.00 

50.00 

40.00 


FRICTION 

LAVER  ANGLE 

NO.  (DEG) 


UNIT 

COHESION  WEIGHT 

( KSF  )  (KCF  ) 


ELEU  AT 
STRUCTURE 
(FT) 


1 


36.00 


0000 


132 


50.00 


L8YER  POINT  NO.  1 

NO  X-COORD  V-COORD 


l  -3ee.ee  se.ee 

SOIL  DATA  BELOU  STRUCTURE 


FRICTION  ANGLE 
COHESION  - 


S4.ee 

.0000 


RIGHTSIDE  SOIL  DATA 


FRICTION 
LAYER  ANGLE 

NO.  (DEG) 


COHESION 
(ICSF ) 


36.ee 


.eeee 


UNIT 
WEIGHT 
(KCF ) 


ELEU  AT 
STRUCTURE 
(FT) 


5e.ee 


LAYER  POINT  NO.  1 

NO  X-COORD  V-COORD 


1  300.00  50.00 


DO  YOU  UANT  TO  PLOT  THE  INPUT  DATA.  ENTER  'V'  OR  'N'. 
?  Y 


30.  The  plot  of  input  data  is  shown,  followed  by  final  results  of  this 
analysis . 
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Plot  of  input  data.  Problem  2 
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PROGRAM  CSLIDE  -  FINAL  RESULTS 


DAT E*  86^06/19.  TIME*  13.40.19 


CHECK  HAND  SOLUTION  FOR  DAM  #2 

SINGLE  FAILURE  PLANE  ANALYSIS 
SEEPAGE  FORCE  COMPUTED  BY  LINE  OF  CREEP 

HORIZONTAL  LOADS 

-  UERTICAL 

UEDGE  LEFT  SIDE  RIGHT  SIDE  LOAD 

NUMBER  (KIPS)  (KIPS)  (KIPS) 


RIGHTSIDE  WEDGES 


UEDGE 

NUMBER 


NET  FORCE 
ON  UEDGE 
(ICIPS) 


-61 .831 
48.586 
13.245 


SUM  OF  FORCES  ON  SYSTEM 
FACTOR  OF  SAFETY  - 


.060 

10.946 


31.  The  plot  of  the  failure  surface  is  shown,  followed  by  the  plots  of 
the  three  wedges. 

FS  •  10.946 


SS 


mm 
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CHECK  HAND  SOLUTION  FOR  OAR  <2 

UEDCE  I  FS  ■  10.946  SUBMERGED  LENGTH 


I.RV 


B61 


Hand  Check  (Continued) 


FS  =  10.946 


Net  force: 


P  -  P  ,= 
o  1 


P  -  P. 
o  1 


1/  k 

((59.799  )0. 6833  -  64.718  ]  ,  +  (59 . 799) (-0 . 730 1 ) 

_ 1U. ?4o _ 

0.6833  -  (-0.7301) 

-6 1 . 82  7  k 


Wedge  2 


P  -  P  = 
l  2 


(248 . 198k)  +  37.504 


0.9864  -  0.1644 


/tan  24 D\ 
\  10.946  ) 


pl  -  p2  =  48.585 


“3  ‘  (*5  - 


Wedge  3 


43.101' 


sin  =  0.6833 
cos  =  0.7301 


|  (10'  x  10.686 ' ) 0 . 1 32  kef  =  7.053k 


10y  (10.686’)  =  6.679 
w 

~  (1.388  +  0.625)ksf  (14.635')  =  14.730k 


(Continued) 


W  /L 


L„  =  r—  =  14.635’ 
3  sin  c*3 


B  =  =  10.686' 

3  tan 
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Results  Summar> 


34.  The  CSLIDE  and  hand-checked  results  are  compared  in  the  following 
tabulation. 

Water  Pressures — same  for  both  sets  of  results 


Forces: 


Wedge 

No. 


Wedge  1 

2 

3 


Net  Horizontal 
(kips) 


Top 

1.875  ksf 
2.850  ksf 
0.625  ksf 


Bottom 
2.850  ksf 
1.388  ksf 
1.388  ksf 


Vertical 

(kips) 


Uplift 

(kips) 


CSLIDE 

Hand 

CSLIDE 

Hand 

CSLIDE 

Hand 

0.000 

0.0 

35.093 

35.093 

64.709 

64.718 

25.000 

25.0 

3.125 

3.125 

128.875 

128.895 

0.000 

0.0 

6.679 

6.679 

14.728 

14.730 

Geometry  and  net  force: 


Failure  Angle 

Wedge  _  (deg) _ 

No.  CSLIDE  Hand 


Weight 

(kips) _ 

CSLIDE  Hand 


Net  Force 
(kips) 


CSLIDE 


46.899 

-46.899 

24.705 

24.706 

-61.831 

-61.827 

9.462 

9.462 

375.000 

375.000 

48.586 

48.585 

43.101 

43.101 

7.053 

7.053 

13.245 

13.247 

Sum  of  net 

forces 

0.000 

0.005 
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AFPENDIX  C:  DISCUSSION  OF  PROGRAM  CSLIDE 


1.  The  computer  program,  CSLIDE,  which  implements  the  procedures  dis¬ 
cussed  earlier  in  this  report,  is  written  in  Fortran  77.  The  program  provides 
interactive  operation  from  a  remote  terminal.  All  arithmetic  operations  are 
performed  in  single  precision.  A  discussion  of  each  routine  in  CSLIDE  is  pro¬ 
vided  below  along  with  a  basic  flow  chart  of  the  program. 

Main 


2.  The  Main  routine  controls  the  following  items: 

a.  The  method  of  data  entry,  either  from  the  terminal  or  a  file. 

b.  The  destination  of  the  output  to  either  the  terminal,  a  file,  or 
both . 

c.  The  type  of  output  desired,  either  final  results  or  all 
iterations . 

d.  The  solution  process  as  shown  in  the  flowchart  in  Figure  Cl . 

Subrout ines 


3 .  The 
subroutine  is 


program  contains  38  subroutines, 
discussed  in  the  following  list: 


The  basic  function  of  each 


CCRETE  -  reads  in  the  coordinates  of  the  points  defining  the 
structure  and  calculates  the  weight  of  the  structure 


CONTROL  - 

DALCR 

DALPHA  - 

DCRIT 

DNSTRM  - 

DSCRTP  - 

D WEDGE  - 

ECHO 


reads  data  from  the  terminal  or  a  file  using  a  keyword 
format 

computes  the  critical  failure  angles  of  the  right-side 
wedges  for  a  multiple-plane  failure  analysis 

sets  the  initial  failure  angles  of  the  !  ht-side  wodgr- 
to  45  +  <}>/2 

computes  the  critical  failure  angles  of  the  right-side 
wedges  for  a  single-plane  failure  analysis 

reads  in  the  coordinates  and  soil  properties  of  the 
right-side  soil  layers 

prints  a  condensed  version  of  the  visor's  guide  at  the 
terminal 

calculates  the  weight  and  uplift  force  for  the  right-side 
wedges  for  a  given  failure  angle 

prints  the  input  data  to  the  terminal  and/or  a  file 

allows  the  user  to  edit  selected  sections  of  the  current 
data  and  rerun  the  problem 


EDIT 


EXTRA 


FEXT 

FILEIN 

FINDX 

FNDLD 

GETPFN 

HEADER 

LEFT 

NEW 

PLOT 

PRESS 

PRINT 

RIGHT 

SAVE IN 
SET 

SOLVE 

SORT 


STRIP 

SWEDGE 

TYPE 

VALCR 

VALPHA 

VCRIT 


calculates  the  weight  of  any  soil  below  the  base  of  the 
structure  that  is  included  in  the  structural  wedge 

reads  in  any  external  forces  which  act  on  the  system 

attaches  the  input  data  file 

calculates  the  coordinates  of  the  points  where  the  soil 
layers  intersect  the  structure 

calculates  the  total  applied  external  forces,  both  hori¬ 
zontal  and  vertical,  which  act  on  a  particular  wedge 

accesses  a  permanent  file  from  the  user's  catalog 

reads  in  a  title  for  a  problem 

finds  the  intersection  point  of  a  failure  angle  with  a 
soil  surface  for  the  left-side  wedges 

initializes  variables  for  use  when  more  than  one  problem 
is  analyzed 

plots  the  input  data  and  the  output  results 

calculates  the  sum  of  the  net  forces  acting  on  the 
wedges 

prints  the  results  of  an  analysis 

finds  the  intersection  of  a  failure  angle  and  a  soil 
layer  for  the  right-side  wedges 

saves  the  input  data  to  a  permanent  file 

allows  the  user  to  specify  the  failure  angle  of  any 
wedge . 

finds  the  intersection  of  two  lines 

sorts  in  order  and  stores  each  distinct  x-coordinate  of 
all  the  soil  layers  for  a  particular  side  and  calculates 
the  y-coordinate  of  each  layer  at  each  distinct 
x-coordinate 

removes  the  line  numbers  from  an  input  data  file 

calculates  the  weight  of  the  structural  wedge  and  the 
uplift  force  acting  on  it 

reads  in  the  method  of  analysis,  safety  factor  ratio,  and 
the  upper  and  lower  bounds  for  the  FS 

calculates  the  critical  failure  angles  of  the  left-side 
wedges  for  the  multiple-plane  failure  analysis 

sets  the  initial  failure  angles  of  the  left-side  wedges 
to  (45  -  4> / 2) 

calculates  the  critical  failure  angles  for  the  left-side 
wedge  for  the  single-plane  failure  analysis 

reads  in  the  properties  of  the  soil  below  the  structure 


VNDER 


VPSTRM 

VWEDGE 

WATR 


reads  in  the  coordinates  and  soil  properties  of  the 
left-side  soil  layers 

calculates  the  weight  and  uplift  force  for  the  left-side 
wedges  of  a  particular  failure  angle 

reads  in  the  elevation  of  the  water  on  the  left  and  right 
sides  of  the  structure,  the  desired  method  to  compute 
uplift  pressures,  an  uplift  force  on  the  structural 
wedge,  and  water  pressures  on  the  wedges 


Functions 


4.  The  program  contains  11  functions.  The  purpose  of  each  function  is 


discussed  in  the  following  list: 


ANGL 

BOX 


DEL 

DR 

PCOMP 

RD 

SF.F.P2 

SEEP3 

VEL 

XTNTER 

WLAY 


calculates  $/ 2 
defined  as: 

Box(x)  =  x  ,  if  x  S:  0 
Box(x)  =  0  ,  if  x  <  0 

calculates  the  elevation  of  a  soil  layer  on  the  right 
side  at  a  specified  x-coordinate 

converts  degrees  to  radians 

calculates  the  net  force  P^  j  -  P ^  on  a  given  wedge 
using  the  general  wedge  equation 
converts  radians  to  degrees 

calculates  the  water  pressures  at  the  vertices  of  each 
wedge  using  the  line-of-creep  method  and  calculates  an 
uplift  force  on  each  wedge 

calculates  the  uplift  force  on  a  certain  wedge  using 
water  pressures  entered  bv  the  user 

calculates  the  elevation  of  a  specified  >:-<  on  rd  i  on  to  for 
a  soil  layer  on  the  left  side 

interpolates  between  two  sets  of  coordinates 

calculates  the  weight  of  a  soil  layer  in  a  given  wedge 


Cl 


WATERWAYS  EXPERIMENT  STATION  REPORTS 
PUBLISHED  UNDER  THE  COMPUTER-AIDED 
STRUCTURAL  ENGINEERING  (CASE)  PROJECT 


WATERWAYS  EXPERIMENT  STATION  REPORTS 
PUBLISHED  UNDER  THE  COMPUTER-AIDED 
STRUCTURAL  ENGINEERING  (CASE)  PROJECT 


Instruction  Report  K  83  1 
Instruction  Report  ^ -83-? 
Instruction  Report  K-83-5 


Technical  Report  K-83-1 
Technical  Report  K-83-3 


Technical  Report  K-83-4 
Instruction  Report  K-84-2 


Instruction  Report  K-84-7 
Instruction  Report  K-84-8 
Instruction  Report  K-84-11 
Technical  Report  K  84-3 
Technical  Report  ATC-86-5 


Instruction  Fteport  ITL  87  4 
Technical  Report  ITL-87-4 


(Continued) 


Title 


User's  Guide  Computer  Program  With  Interactive  Graphics  ■■>' 
Analysis  of  Plane  Frame  Structures  (CFRAME) 

User's  Guide  Computer  Program  tor  Generation  of  Engineering 
Geometry  (SKETCH) 

User's  Guide  Computer  Program  to  Calculate  Shear.  Moment 
and  Thrust  (CSMT)  from  Stress  Results  of  a  rwo-Dimensiona; 
Finite  Element  Analysis 

Basic  Pile  Group  Behavior 


Reference  Manual.  Computer  Graphics  Program  tor  Generation  of 
Engineering  Geometry  (SKETCH) 


User's  Guide.  Compu'.er  Program  for  Optimum  Dynamic  Design 
of  Nonlinear  Metal  Plates  Under  Blast  Loading  (CSDOOR) 


User's  Guide  Computer  Program  for  Determining  Induced 
Stresses  and  Consolidation  Settlements  (CSETT) 


Seepage  Analysis  of  Confined  Flow  Problems  by  the  Method  of 
Fragments  (CFRAG) 


User's  Guide  for  Computer  Program  CGFAG,  Concrete  General 
Flexure  Analysis  with  Graphics 


Computer-Aided  Drafting  and  Design  for  Corps  Structural 
Engineers 


Decision  Logic  Table  Formulation  of  ACI  318-77.  Building  Code 
Requirements  for  Reinforced  Concrete  for  Automated  Con¬ 
straint  Processing.  Volumes  I  and  II 


Technical  Report  ITL-87-2 
Instruction  Report  ITL-87-1 
Instruction  Report  ITL-87-? 
Technical  Report  ITL  87  6 
Instruction  Report  ITL-87-3 


A  Case  Committee  Study  ot  Finite  Element  Analysis  of  Concrete 
Flat  Slabs 


User's  Guide  Computer  Program  for  Two-Dimensional  Analysis 
of  U-Frame  Structures  (CUFRAM) 


User's  Guide  For  Concrete  Strength  Investigation  and  Design 
(CASTR)  in  Accordance  with  ACI  318-83 


Finite-Element  Method  Package  for  Solving  Steady  State  Seepage 
Problems 


User's  Guide  A  Three  Dimensional  Stability  Analysis  Design 
Program  (3DSAD).  Report  1.  Revision  1  General  Geometry 
Module 


User's  Guide  2  D  Frame  Analysis  Link  Program  (LINK2D) 


Finite  Element  Studies  of  a  Horizontally  Framed  Miter  Gate 
Report  1  Initial  and  Retined  Finite  Element  Models  (Phase 
A,  B,  and  C).  Volumes  I  and  II 
Report  2  Simplified  Frame  Model  (Phase  D) 

Report  3  Alternate  Configuration  Miter  Gate  Finite  f  lemon 
Studies  Open  Section 

Report  4  Alternate  Configuration  Miter  Gate  f  ante  (  irmoo 
Studies  Closed  Sections 
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Case  Study  of  Six  Major  General-Purpose  Finite  Flement  Programs 
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WATERWAYS  EXPERIMENT  STATION  REPOR 
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